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TEST INSTRUMENT SAFETY 


WARNING 


Normal use of test equipment exposes you to a certain amount of danger from 
electrical shock because testing must often be performed where exposed voltage is 
present. An electrical shock causing 10 milliamps of current to pass through the 
heart will stop most human heartbeats. Higher voltages pose an even greater threat 
because such voltages can more easily produce a lethal current. However, voltage 
as low as 35 volts de or ac rms should be considered dangerous and hazardous since 
it can produce lethal current under certain conditions. Your normal work habits 
should include all accepted practices that will prevent contact with exposed high 
voltage, and that will steer current.away from your heart in case of accidental con- 
tact with a high voltage. You will significantly reduce the risk factor if you know 
and observe the following safety precautions: 


l. Don't expose high voltage needlessly. Remove housings and covers only when 
necessary. Turn off equipment while making test connections in high voltage 
circuits. Discharge high voltage capacitors after removing power. 


. Use an insulated floor material or a large, insulated floor mat to stand on, and 
an insulated work surface on which to place equipment; and make certain such 
surfaces are not damp or wet. Where insulated floor surface is not available, 
wear heavy gloves. 


. Use the time-proven “one hand in the pocket” technique while handling an in- 
strument probe. Be particularly careful to avoid contacting a nearby metal ob- 
ject that could provide a good ground return path. 


. Always use an isolation transformer to power transformerless “hot chassis” 
equipment, where one side of the ac power line is connected directly to the 
chassis. This includes most recent television sets and audio equipment. With- 
out an isolation transformer, the chassis of such equipment may be floating at 
line voltage (120 VAC, 60 Hz in USA), depending upon which way the 2-wire 
ac power plug is inserted. Not only does this present a dangerous shock hazard 
if the chassis is touched, but damage to test instruments or the equipment 
under test may result from connecting the ground lead of some test instruments 
to a “hot” chassis. The ground lead of most oscilliscopes and most other test 
instruments with 3-wire power plugs is at earth ground. The B & K-Precision 
Model TR-110 Isolation Transformer is suitable for most applications. 


. On test instruments or any equipment with a 3-wire ac power plug, use only 
a 3-wire outlet. This is a safety feature to keep the housing or other exposed ele- 
ments at earth ground. 

. If possible, familiarize yourself with the equipment being tested and the location 
of its high voltage points. However, remember that high voltage may appear 
at unexpected points in defective equipment. 

. Also remember that ac line voltage is present on some power input circuit points 
such as on-off switches, fuses, power transformers, etc., even when the equip- 
ment is turned off. 

. Never work alone. Someone should be nearby to render aid if necessary. Train- 
ing in CPR (cardio-pulmonary resuscitation) first aid is highly recommended. 
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INTRODUCTION 


The B & K-Precision Model 1479B Dual-Trace 
Oscilloscope is a laboratory-quality, professional in- 
strument with applications in engineering labs, factory 
test facilities, and service shops. Its — 3 dB response is 
conservatively rated at 30 MHz, with a smooth response 
roll-off well above 30 MHz. Response is typically down 
only 6 dB at 49 MHz, and triggering ability typically 
extends to 50 MHz. A rise time of 11.7 ns permits view- 
ing of high speed waveforms, and a built-in signal 
delay line lets you see the leading edge of a high speed 
pulse. 


Matched, dual vertical inputs provide accurate 
voltage measurements in both single-trace and dual- 
trace operation. The high sensitivity of 5 mV/cm allows 
the preferred low-capacitance 10:1 attenuation of the 
probes to be used for most measurements. Channel B 
can be switched to become the horizontal input for 
X-Y measurements; sensitivity of the horizontal axis 
equals that of the vertical axis. An ADD mode allows 
both vertical inputs to be added and displayed as a sin- 
gle trace, and the Channel B invert feature allows the 
two waveforms to be subtracted for differential meas- 
urements and to display distortion. 


Alternate sweep is automatically selected for dual- 
trace operation at all sweep times of 0.5 ms/cm and 
faster. Inputs are chopped at 200 kHz at all slower 
sweep times. Accurate time measurements are possible 
on 20 calibrated ranges, with sweep speeds up to 40 
ns/cm (with 5X magnification). The 5X magnification 
allows any portion of the sweep to be expanded for 
closer waveform examination. 


A wide selection of triggering modes permits a stable 
display of almost any type waveform. All of the fol- 


lowing possibilities are selectable from the front panel 
controls: 


Internal or external sync, with the choice of either 
the Channel A or Channel B waveform for dual- 
trace operation. 


Triggered or automatic (free-running) sweep. 


Positive or negative slope. 


Fully variable triggering level allows triggering 
threshold to be set to any point of waveform, or 
FIX mode automatically selects center of wave- 
form as triggering level. 


Choice of AC, DC, LF reject, or HF reject coup- 
ling of trigger signal. LF and HF reject filters 
can attenuate interference that can otherwise 
cause jitter in the display. 


Built-in video sync separator. Tied in with sweep 
time control to automatically select horizontal 
sync pulses at sweep speeds appropriate for view- 
ing horizontal lines, and vertical sync pulses 
at sweep speeds appropriate for viewing vertical 
fields or frames. 


AM DET mode allows triggering from the modu- 
lation envelope of an AM signal without an rf 
detector probe. 


Other features include rectangular CRT with internal 
graticule and post-deflection acceleration, electrical trace 
rotation that is adjustable from the front panel, a built-in 
calibration source of 0.5V p-p, 1 kHz square wave, Z axis 
input for intensity modulation, a bezel designed to accept a 
standard CRT camera for making waveform photos, a 
convenient carrying handle/tilt stand, and clean, modern 
styling. 


DUAL TRACE 


30 MHz BANDWIDTH 


USABLE TO 
50 MHz 


11.7 ns 
RISE TIME 


BUILT-IN 
DELAY LINE 


TRIGGERED 
SWEEP 


AUTOMATIC 
SWEEP 


FEATURES 


Two input waveforms can be 
viewed either singly or simul- 
taneously, as desired. Individual 
vertical sensitivity and position- 
ing controls are provided for 
completely independent ad- 
justment of the two signal 
amplitudes. Automatic selection 
of alternate or chop method 
of dual-trace sweep generation 
by sweep time control. 


DC to 30 MHz bandwidth and 
11.7 ns rise time assure dis- 
tortion-free, high-resolution 
presentation at high frequen- 
cies. 


Triggers on signals up to 50 
MHz. Smooth response well 
beyond 30 MHz. 


Short-duration pulses not view- 
able on other lab scopes are 
clearly viewable on the 1479B 
when expanded on 5X magnifi- 
cation. 


Permits viewing of leading edge 
of high-frequency, fast risetime 
pulses. 


Selectable trigger source. In- 
ternal sync triggers sweep from 
waveform being viewed, with 
choice of CH A or CH B wave- 
form in dual-trace operation. 
Fully variable LEVEL control 
allows any desired point on 
waveform to be used for trig- 
gering, or to set an amplitude 
threshold which must be ex- 
ceeded to obtain a sweep. 


Selectable AUTO sweep opera- 
tion provides sweep without 
trigger input, automatically 
switches to triggered sweep 
operation when adequate trigger 
signal is applied. 


AUTOMATIC 
TRIGGER 
LEVEL 


AM DETECTOR 


LF AND HF 
REJECT SYNC 
COUPLING 


VIDEO SYNC 
SEPARATOR 


HIGH 
SENSITIVITY 


CALIBRATED 


VOLAGE SCALES 


SUM AND 
DIFFERENCE 
CAPABILITY 


CALIBRATION 
SOURCE 


Selectable FIX mode auto- 
matically fixes triggering thres- 
hold at center of trigger signal, 
regardless of setting of LEVEL 
control. Saves set-up time for 
most waveform viewing. 


Selectable AM DETector allows 
sweep to be triggered from 
modulation envelope of ampli- 
tude modulated carrier. 


Sync coupling (to attenuate 
low- or high-frequency com- 
ponent of signal) may be se- 
lected. 


A selectable sync separator 
automatically selects vertical 
sync pulses at sweep speeds of 
0.1 ms/cm and slower for view- 
ing television frames, and hori- 
zontal sync pulses at sweep 
times of 50 us/cm and faster 
for viewing television lines. 


Permits the low-capacitance, 
high-impedance, 10:1 attenua- 
tion probes to be used for 
virtually all measurements, thus 
assuring minimum circuit 
loading. 


Accurate measurement (+ 3%) 
of instantaneous voltages on 10 
different attenuator ranges for 
both Channel A and Channel B. 


Permits algebraically adding 
or subtracting Channel A and 
Channel B and display as a 
single trace. Useful for diffe- 
rential voltage and distortion 
measurements. 


A built-in calibrated 0.5 volt 
peak-to-peak square wave per- 
mits calibration check and 
probe compensation adjust- 
ment. 


FEATURES 


—S——_—_—————EEE—————————— PSL 


20 CALIBRATED 
SWEEP SPEEDS 


EXPANDED 
SCALE 


X-Y OPERATION 


Z-AXIS INPUT 


REGULATED 
POWER SUPPLY 


Accurate time measurements 
on 20 different ranges. 


Sweep speed range of 0.2 us/cm 
to 0.5 s/em provides every 
speed necessary for viewing 
waveforms from de to 30 
MHz. 


A five time magnification (5X) 
of the horizontal sweep allows 
close-up examination of a por- 
tion of the waveform. In 
addition, the 5X magnification 
provides a maximum sweep 
speed of 40 ns/cm. 


Channel B input can be applied 
as horizontal deflection (X axis) 
while Channel A input provides 
vertical deflection (Y axis). 
Horizontal axis sensitivity is 
5 mV/div. 


Intensity modulation capability 
included for time or frequency 
markers, compatible with 5 V 
p-p solid state logic circuits. 


All voltages are regulated, in- 
cluding the high voltage for 
the CRT, assuring that bright- 
ness and sensitivity are unaf- 
fected by line voltage variations. 


RECTANGULAR CRT6 kV PDA (post deflection 


ELECTRICAL 
TRACE ROTATION 


acceleration) type CRT and 
bright phosphors give high 
brightness. Rectangular, 
domed CRT provides constant 
electron beam length for accu- 
racy. Internal 8 x 10 division 
graticule reduces parallax error. 


Trace rotation is electrically 
adjustable from the front panel. 


MECHANICAL 
FEATURES 


DIGITAL LOGIC 
APPLICATIONS 


RADIO 
APPLICATIONS 


VIDEO 
APPLICATIONS 


Carrying handle with comfort- 
able molded finger grip also 
doubles as tilt stand. Locking 
detent each 22/5? allows ad- 
justment of viewing angle. 
Rear feet support oscilloscope 
in face-up position and double 
as cord wrap for storing power 
cord. Slotted bezel over face 
of CRT mounts standard os- 
cilloscope camera for making 
waveform photographs. 


Design, analysis and trouble- 
shooting of mini-computers, 
microprocessors, | computer 
terminals, electronic organs, 
calculators, and most digital 
logic circuitry using TTL, 
CMOS and most ECL logic. 


Development, manufacturing, 
and servicing of CB radio and 
communications radios to 50 
MHz. Direct RF and IF meas- 
urements. AM and SSB modu- 
lation patterns, digital data 
transmission. 


Development, testing, and serv- 
icing of video equipment in- 
cluding VTR's, (video tape 
recorders), CATV (cable tele- 
vision, MATV (master tele- 
vision antenna networks) and 
television receivers. A built-in 
sync separator circuit is in- 
cluded specifically for view- 
ing composite video signals. 
Vectorscope operation for ana- 
lysis of color circuits. 


SPECIFICATIONS 


VERTICAL AMPLIFIERS (CH A and CH B) 


Deflection Factor 


Frequency Response 


Risetime 
Overshoot 


Input Impedance 


Tilt 
Max. Input Voltage 


Operating Modes 


Chop Frequency 
Channel Separation 


Signal Delay 
CH B Polarity 


Maximum 
Undistorted 
Amplitude 


5 mV/cm to 5 V/cm, +3%, in 
10 ranges, each with fine ad- 
justment. 


DC: DC to 30 MHz ( - 3 dB). 
AC: 10 Hz to 30 MHz ( - 3 dB). 


11.7 nanoseconds or less. 

3% or less. 

l megohm, +2% , shunted by 
23pF (+3 pF). 

Less than 5% . 

300 VDC + AC peak or 600 V 
P-P. 

Channel A only. 

Channel B only. 


Dual trace; automatically chop- 
ped at all sweep times of 1 
ms/cm and slower; alternate 
trace automatically selected 
for all faster sweep times. 


Add (single-trace algebraic sum 
of Channels A and B), subtract 
using CH B INVert. 


200 kHz (+ 2096). 

Better than 70 dB @ 1 kHz. 
Fixed, 12 ns minimum visible 
delay. 


Normal, inverted (provides 
CH A minus CH B function). 


More than 8 cm from dc to 
30 MHz. 


SWEEP CIRCUITS (Common to CH A and CH B) 


Sweep System 


Sweep Time 


Triggered and automatic. 

0.2 us/cm to 0.5 s/cm ( € 396), 
in 20 ranges, in 1-2-5 sequence 
with vernier adjustment. 


Sweep Magnification 


Linearity 


TRIGGERING 


Source 
Automatic 


Normal 


Slope 


Level 


FIX 


AM DET 


Coupling 


Video 


X5 (five times) +5%. Extends 
maximum sweep rate to 40 
ns/cm. 


3% or better, 5% or better with 
5X magnification. 


CH A, CH B, EXT and AM 
DET. 


Sweep is triggered without in- 
put signal. 


Sweep is obtained with a dis- 
played signal amplitude of one 
cm, or less. The point on the 
displayed waveform at which 
the sweep starts is determined 
by the SLOPE and LEVEL 
controls. 


Sweep can be set to trigger on 
the positive or negative going 
slope of the trigger waveform. 
Continuously variable. Pull for 
AUTO (Sweep is obtained with- 
out an input signal). 


Automatically fixes level at 
center of trigger signal. 
Triggers from modulation 
envelope of amplitude modu- 
lated signal (carrier frequency 
3 MHz or greater). 

AC, DC, LF REJ, and HF REJ. 
AC: 20 Hz-30 MHz. 

DC: DC to 30 MHz. 


LF REJ: Attenuate below 10 
kHz. 


HF REJ: Attenuate above 30 
kHz. 


Vertical and horizontal sync 
separator circuit provided so 
that any portion of composite 


SPECIFICATIONS 


ne 


video waveform can be syn- 
chronized and expanded for 
viewing. LINE sync (horizon- 
tal sync pulses) automatically 
selected at sweep times of .2 
us/div. to 0.5 us/div. and 
FRAME sync (vertical sync 
pulses) automatically selected 
at sweep times of .1 ms/div. 
to .5 s/div. 


TRIGGER SENSITIVITY 


Coupling Bandwidth EXT 


AC 20Hz-15MHz | 0.3 Div. | 0.1 V pp 
10Hz - 30MHz 1 Div. | 0.5 V pp 
20kHz - 15MHz | 0.3Div. | 0.1V pp 

LFREJ | 10kHz-30MHz 0.5 V pp 
20Hz - 50kHz 0.3 Div. | 0.1 V pp 
HFREJ | 10Hz- 300kHz 0.5 V pp 


0.1 V pp 
0.5 V pp 
0.3 Div. | 0.1 V pp 
1 Div. | 0.5V pp 


HORIZONTAL AMPLIFIER (Horizontal input thru 
CH B input) 


Delfection Factor 


DC - 15MHz 0.3 Div 
NORM | DC: Mb 
DC 
FIX 20Hz - 15MHz 


10Hz - 20MHz 


5 mV/cm to 5 V/cm, +5%, 
in 10 ranges, each with fine 
adjustment. 


DC: DC to 2 MHz(-34dB).. 
AC: 10 Hz to 2 MHz ( - 3 dB). 
l megohm, +2% , shunted by 


Frequency Response 


Input Impedance 


22 pF (+3 pF). 

Input Protection 300 VDC + Ac peak or 600 V 
Pp. 

X-Y Operation With SWEEP TIME/CM switch 


in CH B position, the CH A 
input becomes the Y input (ver- 
tical) and the CH B input be- 


comes the X input (horizontal). 
The CH B position control be- 
comes the horizontal position 
control. 


Z AXIS INPUT (Intensity Modulation) 


Sensitivity 

Usable Frequency 
Range 

Input Impedance 


Maximum Input 
Voltage 


5 V (TTL compatible). 
DC to5 MHz 


10 kQ. 
50 V DC + AC peak. 


OTHER SPECIFICATIONS 
Operating Environment 0° to + 45? C. 


CRT 


Power Requirements 


Calibration 


Dimensions 
Maximum (WxHxD) 


Weight 
Probes 
Attenuation 


Input Impedance 


Connector 


140 mm rectangular CRT (ap- 
prox 5”), internal 8 x 10 divi- 
sion graticule, 6 kV accelera- 
tion, PDA. 

117/234 VAC, 50/60 Hz, 25 
watts. Calibration will remain 
constant over 105 to 130 VAC 
input. 

Internal 0.5 V p-p +1% 
(square wave at 1 kHz +3%). 


300 x 230 x 430 cm. 
(11-% x9 x 17") 
8.5 kg; 19 lb. 


10:1 and direct. 


10:1 = 10 megohms. 
Direct = 1 megohm. 


BNC. 


CONTROLS AND INDICATORS 


(See Fig. 1) 
GENERAL CONTROLS (1-13) 2. TRACE ROTATION Control. 

l. MODE Switch. Four-position lever switch; selects 3. ASTIG Adjustment. Astigmatism adjustment pro- 
the basic operating modes of the oscilloscope. vides optimum spot roundness when used in con- 
CHA  Onlytheinputsignal to Channel A is dis- junction with FOCUS and INTENSITY controls. 

played as a single trace. Very little readjustment of this control is required 
CHB  Onlythe input signal to Channel B is dis- after initial adjustment. 
played as a single trace. 4. Cathode Ray Tube (CRT). This is the screen on 
DUAL  Dual-trace operation; both the Channel A which the waveforms are viewed. This rectangular 
and Channel B input signals are displayed CRT has an internal 8 x 10 division graticule scale 
on two separate traces. which reduces parallax error to minimum. 
ADD The waveforms from Channel A and Chan- 5. FOCUS Control. 


nel B inputs are added and the sum is dis- . ; 
eile ay single traves When, Hac EL B 6. INTENSITY Control. Adjusts brightness of trace 


POLARITY button is in INV, the wave- 7. POWER On-off Control. 
form from Channel B is subtracted from 

the Channel A waveform and the difference 

is displayed as a single trace. 


30 29 28 27 25 26 24 23 22 21 


Fig. 1. Front panel controls and indicators. 


a 


CONTROLS AND INDICATORS 


8. 
9. 


10. 


11. 


12. 


13. 


Pilot Light. Glows when oscilloscope is turned on. 


SWEEP TIME/CM Switch. Horizontal coarse sweep 
time selector. Selects calibrated sweep times of 0.2 
us/cm (microsecond per centimeter) to 0.5 s/cm in 20 
steps when VARIABLE control is set to the CAL 
position (fully clockwise). In the CH B position, 
this switch disables the internal sweep generator 
and permits the CH B input to provide horizontal 
deflection (X-Y operation). The Channel A input 
signal produces vertical deflection (Y axis) and the 
Channel B input signal produces horizontal deflec- 
tion (X axis). 


Sweep Speed VARIABLE Control. Fine sweep time 
adjustment. In the extreme clockwise (CAL) posi- 
tion the sweep time is calibrated. 

CAL 1 kHz JL 0.5V p-p Terminal. Provides ca- 
librated 1 kHz 0.5 volt peak-to peak square wave 
input signal. This is used to check the frequency 
compensation adjustment of the probes used with the 
oscilloscope. 


<> POSITION Control. Rotation adjusts horizon- 
tal position of traces (both traces when operated 
in the dual trace mode). Push-pull switch selects 
5X magnification when pulled out (PULL 5X MAG); 
normal when pushed in. 


-L Terminal/Binding Post. Earth and chassis 
ground. 


TRIGGERING CONTROLS (14-17) 


14. 


15. 


LEVEL Control. Sync level adjustment determines 
points on waveform slope where sweep starts; ( — ) 
direction equals more negative point of triggering 
and (+) direction equals more positive point of 
triggering. Push-pull switch selects automatic trig- 
gering when pulled out (PULL AUTO). When auto- 
matic triggering, a sweep is generated even without 
an input signal (free runs), but resumes triggered 
sweep operation when a trigger signal is present. 


SLOPE Switch. Two-position lever switch with the 
following positions: 

(+) Sweep is triggered on positive-going slope of 
waveform. 

(—) Sweep is triggered on negative-going slope of 
waveform. 


16. 


17. 


18. 


19. 


20. 


VIDEO Switch. Pushbutton switch selects NORM 
triggering with button out, VIDEO triggering with 
button in. In VIDEO position, sync pulses of a com- 
posite video signal are used to trigger the sweep; 
vertical sync pulses (frame) are automatically 
selected for sweep times of 0.5 s/cm to 0.1 ms/cm, 
and horizontal sync pulses (line) are automatically 
selected for sweep times of 50 ps/cm to .2 us/cm. 


FIX Switch. Pushbutton switch selects NORM 
triggering level with button out, FIX level with 
button in. In FIX position, trigger level is auto- 
matically fixed at center of trigger signal regardless 
of setting of LEVEL control. 


COUPLING Switch. Four-position lever switch 
with the following positions: 


AC Trigger is AC-coupled, 20 Hz to 30 MHz 


response. 
LFRE] Triggering below 10 kHz is attenuated. 
HF REJ Triggering above 30 kHz is attenuated. 


DC Trigger is DC-coupled. 


EXT TRIG Jack. Input terminal for external trigger 
signal. 


SOURCE Switch. Four-position lever switch selects 
triggering source for sweep. 


INT CH A position. In DUAL or ADD mode, sweep 
is triggered by signal applied to Channel A 
INPUT jack. 


INT CH B position. In DUAL or ADD mode, sweep 
is triggered by signal applied to Channel B 
INPUT jack. 


In CH A mode, sweep is triggered by signal 
applied to Channel A INPUT jack when 
SOURCE switch is in either INT position. 


In CH B mode, sweep is triggered by signal 
applied to Channel B INPUT jack when SOURCE 
switch is in either INT position. 


EXT position. Sweep is triggered by signal applied 
to EXT TRIG jack. 


AM DET position. Sweep is triggered by modu- 
lation envelope rather than carrier signal, for 
amplitude modulated carrier signal of 3 MHz 
or greater. In DUAL or ADD mode, trigger is 
derived from Channel A signal. 


CONTROLS AND INDICATORS 


CHANNEL B CONTROLS (21-26) 


21. 


22. 


23. 


24. 


25. 


26. 


CH B POLARITY Pushbutton Switch. In the NORM 
position (button out), the Channel B signal is non- 
inverted. In the INV position (button in), the Chan- 
nel B signal is inverted. When MODE switch is 
in the ADD position and this switch is in the INV 
position, the Channel B signal is subtracted from 
the Channel A signal and the difference is displayed 
as a single trace. 


POSITION Control. Vertical position adjustment 
for Channel B trace. Becomes horizontal position 
adjustment when SWEEP TIME/CM switch is in 
the CH B position (X-Y operation). 


INPUT Jack. Vertical input jack of Channel B. Jack 
becomes external horizontal input when SWEEP 
TIME/CM switch is in the CH B position (X-Y 
operation). 


Channel B AC-GND-DC Switch. 
AC Blocks dc component of input signal. 


GND Opens signal path and grounds input to 
vertical amplifier. This provides a zero- 
signal base line, the position of which 
can be used as a reference when perform- 
ing dc measurements. 


DC Direct input of ac and dc component of 
input signal. 


VOLTS/CM Switch. Vertical attentuator for Chan- 
nel B which provides step adjustment of vertical 
sensitivity. Vertical sensitivity is calibrated in 10 steps 
from 5 mV to 5 volts per cm when VARIABLE con- 
trol is set to CAL position. This control adjusts hori- 
zontal sensitivity when the SWEEP TIME/CM 
switch is in the CH B position (X-Y operation). 


VARIABLE Control. Vertical gain adjustment pro- 
vides fine control of vertical sensitivity. In the extreme 
clockwise (CAL) position, the vertical attenuator 
is calibrated. This control becomes the fine horizon- 
tal gain control when the SWEEP TIME/CM 
switch is in the CH B position. 


CHANNEL A CONTROLS (27-31) 
27. VOLTS/CM Switch. Vertical attenuator for Chan- 


nel A which provides coarse adjustment of vertical 
sensitivity. Vertical sensitivity is calibrated in 10 
steps from 5 mV to 5 volts per cm when VARIABLE 
control is set to the CAL position. 


28. VARIABLE Control. Vertical gain adjustment pro- 
vides fine control of vertical sensitivity. In the ex- 
treme clockwise (CAL) position, the vertical at- 
tenuator is calibrated. 


29. Channel A AC-GND-DC Switch. 
AC Blocks dc component of input signal. 


GND Opens signal path and ground input to 
vertical amplifier. This provides a zero- 
signal base line, the position of which can 
be used as a reference when performing 
dc measurement. 


DC Direct input of ac and dc component of 
input signal. 
30. INPUT Jack. Vertical input jack of Channel A. 


31. POSITION Control. Vertical position adjustment 
for Channel A trace. 


ADDITIONAL FACILITIES (See Fig. 2) 


32. Carrying Handle/Tilt Stand. Press in both pivot 
points to unlock and rotate handle. Will lock at each 
22.5? angle of rotation. 


33. VR106. CH B DC BAL Control (under rubber but- 
ton). Vertical de balance adjustment for Channel B 
trace. 


34. VR108. CH B ATTEN BAL Control (under rubber 
button). Step attenuator balance adjustment for 
Channel B trace. 


35. AC Power Cord. 

36. Fuse Holder. 

37. Z AXIS INPUT Jack. Intensity modulation input. 
38. Feet/Cord Wrap. Feet support oscilloscope in verti- 


cal position (face up) and serve as cord wrap for 
storing power cord. 


39. VR103. CH A ATTEN BAL Control (under rubber 
plug). Step attenuator balance adjustment for 
Channel A trace. 


40. VR101. CH A DC BAL Control (under rubber plug). 
Vertical dc balance adjustment for Channel A 
trace. 


CONTROLS AND INDICATORS 


35 36 37 


Fig.2. Rearandside panel facilities. 


OPERATING INSTRUCTIONS 


PRECAUTIONS The screen may become permanently burned. A 
spot will occur only when the scope is set up for X-Y 
operation and no signal is applied. Either reduce 
the intensity so the spot is barely visible, switch back 
to normal sweep operation when no signal is applied, 
or set up the scope for spot blanking as described 
in the X-Y APPLICATIONS section of this manual. 


Safety 


WARNING 


The following precautions must be observed to 


help prevent electric shock. 


2. Never cover the ventilating holes in the side of the 
1. When this oscilloscope is used to make measure- oscilloscope, as this will increase the operating 
ments in equipment that contains high voltage, temperature inside the case. 
there is always a certain amount of danger from 
electric shock. The person using the oscilloscope 
in such conditions should be a qualified electronics 
technician or otherwise trained and qualified to 
work in such circumstances. Observe the “Test 
Instrument Safety” recommendations listed on the 
inside front cover of this manual. 


3. Never apply more than the rated 300 volts de + ac 
peak or 600 volts peak-to-peak (212 volts rms for 
sine wave) to the oscilloscope inputs. When the 
probes are set for 10:1 attenuation, the voltage at 
the scope input is only 1/10 of that at the point of 
measurement, however, do not exceed the 500 volts 
dc + ac peak probe rating at the point of measure- 

2. The ground wire of the 3-wire ac power plug places ment. 
the chassis and housing of the oscilloscope at earth 
ground. Do not attempt to defeat the ground wire 
connection or float the oscilloscope; to do so may 
pose a great safety hazard. 


4. Always connect a cable from the earth ground 
( + ) jack of the oscilloscope to the chassis of the 
equipment under test. Without this precaution, the 
entire current for the equipment under test may be 


3. One of the most commonly encountered shock drawn through the probe ground clip leads under 
hazards is testing of “hot chassis" transformerless certain circumstances. Such conditions could also 
ac-powered equipment (see item 4 on the inside pose a safety hazard, which the ground cable will 
front cover for a full explanation of the hazard). prevent. 


Never attempt to make oscilloscope measurements 
in such equipment without first connecting an iso- 
lation transformer between the ac power line and 
the equipment under test. To be on the safe side, 
treat all equipment as “hot chassis" unless you are 
sure it has an isolated chassis or earth ground chassis. 


. The probe ground clips are at earth ground and 
should be connected only to the common of the 
equipment under test. To measure with respect to 
any point other than the common, use the “Dif- 
ferential Voltage Measurement” technique described 
in this manual, with the Channel A probe to the 
point of reference and the Channel B probe to the 
point of measurement. 
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Equipment Protection 


OPERATING TIPS 
CAUTION 


The following precautions will help avoid damage 


The following recommendations will help obtain 
the best performance from the oscilloscope. 


to the oscilloscope. 


1. Always use the probe ground clips for best results. 
Do not use an external ground wire in lieu of the 

1. Never allow a small spot of high brilliance to remain probe ground clips, as undesired signals may be in- 
stationary on the screen for more than a few seconds. troduced. 
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OPERATING INSTRUCTIONS 


2. Operation adjacent to equipment which produces 
strong ac magnetic fields should be avoided where 
possible. This includes such devices as large power 
supplies, transformers, electric motors, etc., that 
are often found in an industrial environment. Strong 
magnetic fields can exceed the practical CRT mag- 
netic shielding limits and result in interference and 
distortion. 


3. Probe compensation adjustment matches the probe 
to the input of the scope. For best results, com- 
pensation of both probes should be adjusted initially, 
then the same probe always used with Channel A 
and Channel B respectively. Probe compensation 
should be readjusted whenever a probe from a dif- 
ferent scope is used, or the Channel A and B probes 
are interchanged. Adjust the compensation trimmer 
on each probe for the best quality waveshape (mini- 
mum overshoot, rounding off, and tilt), while ob- 
serving the calibration square wave from the CAL 
1kHz JL 0.5 V p-p terminal. 


4. Occasionally check trace tilt, dc balance, astig- 
matism, and calibration accuracy of the scope using 
the procedures found in the MAINTENANCE AND 
CALIBRATION section of this manual. 


INITIAL STARTING PROCEDURE 


Until you familiarize yourself with the use of all 
controls, the following procedure may be used to stand- 
ardize the initial setting of controls as a reference point 
and to obtain a trace on the CRT in preparation for 
waveform observation: 


1. Set POWER switch to OFF (fully counterclockwise). 

2. Connect power cord to a 120-volt, 50/60 Hz outlet. 
Operation from 100 volts, 220 volts, or 240 volts, 
50/60 Hz ac is also possible if the oscilloscope is first 
set up for such operation. Procedures are given in 
the MAINTENANCE AND CALIBRATION section 
of this manual. 


3. Set CH A POSITION control, CH B POSITION 
control and < > POSITION control to the centers 
of their ranges. 


4, Set CH A AC-GND-DC switch and CH B AC-GND- 
DC switch to the GND positions. 


5. Set the MODE switch to the DUAL position for 
dual-trace operation. It will be desirable to display 


10. 


11. 


12. 


13. 


14. 


15. 


both traces when making the centering adjustments 
in step 12. 


. In triggered sweep operation, the trace remains at 


rest and is blanked until an input signal is applied 
for triggering. In automatic sweep operation, a trace 
is generated without an input signal. Since no input 
signal will be applied initially, select automatic 
sweep by pulling outward on the triggering LEVEL 
control (PULL AUTO). 


. Set SWEEP TIME/CM switch to .1 mS position. 


Any position except CH B may be used, but .1 mS 
is a good starting point. 


. Turn on POWER switch (turn clockwise). The pilot 


light will glow. 


. Wait a few seconds for the cathode ray tube (CRT) 


to warm up. Two traces should appear on the face 
of the CRT. 


If no trace appears, increase (clockwise) the IN- 
TENSITY control setting until the trace is easily 
observed. 


Adjust FOCUS control and INTENSITY control 
for the thinnest, sharpest trace. 


Readjust POSITION controls if necessary, to position 
the traces for convenient viewing, with the Channel 
A trace above the Channel B trace and with both 
traces starting at the left edge of the graticule scale. 


Check for proper adjustment of ASTIG control and 
dc balance adjustments as described in the MAINTE- 
NANCE AND CALIBRATION portion of this 
manual. These adjustments require checking only 
periodically. 


Controls arc usually set to the following positions 
as a starting point for most waveform observation: 


MODE switch to CH B for single trace or DUAL 
for dual trace. 


CH A and CH B AC-GND-DC switches to AC. 
CH B POLARITY button to NORM (out). 
SOURCE switch to INT, either CH A or CH B. 
COUPLING switch to AC. 

SLOPE switch to +. 

VIDEO button to NORM (out). 


The oscilloscope is now ready for waveform ob- 
servation. 
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WAVEFORM OBSERVATION 
Single Trace 


Either Channel A or Channel B can be used for 
single-trace operation. The advantage of using Channel 
B is that the polarity of the observed waveform can be 
reversed. For convenience, Channel B is used in the fol- 
lowing instructions: 


1. Perform the steps of the INITIAL STARTING PRO- 
CEDURE with the MODE switch in the CH B posi- 
tion. Then connect the probe cable to the CH B 
INPUT jack. 


2. For all except very low-amplitude waveforms, the 
probes are set for 10:1 attenuation. For very low- 
amplitude waveforms (below 50 millivolts peak-to- 
peak), set the probe for DIRECT. The 10:1 setting, 
with its higher input impedance and lower shunting 
capacitance, should be used when possible to de- 
crease circuit loading. 


3. Set CH B AC-GND-DC switch to AC for measur- 
ing only the ac component (this is the normal posi- 
tion for most measurements and must be used if 
the point being measured includes a large de compo- 
nent). Use the DC position for measuring both the 
ac component and the dc reference, and any time a 
very low frequency waveform (below 10 Hz) is to be 
observed. The GND position is required only when a 
zero-signal ground reference is required, such as for 
de voltage readings. 


4. Connect ground clip of probe to chassis or common 
of the equipment under test. Connect the tip of the 
probe to the point in the circuit where the waveform 
is to be measured. 


5. Set CH B VOLTS/CM switch and VARIABLE 
control to a position that gives 2 to 6 divisions of 
vertical deflection. The display on the screen will 
probably be unsynchronized. Refer to TRIGGERING 
procedures below for adjusting synchronization and 
sweep speed to obtain a stable display showing the 
desired number of waveforms. 


Dual Trace (Refer to Fig. 3) 


In observing simultaneous waveforms on Channel A 
and B, the waveforms are usually related in frequency, 
or one of the waveforms is synchronized to the other, 
although the basic frequencies are different. One com- 
mon application is in digital circuits where virtually 
all waveforms are related to a master “clock” frequency. 
If the two waveforms have no phase or frequency re- 
lationship, it will be difficult if not impossible to lock 
both waveforms in sync for any useful observation. 


To display two waveforms simultaneously for ob- 
servation, use the following procedure: 


l. Perform the steps of the INITIAL STARTING 
PROCEDURE. 


2. Connect oscilloscope probe cables to both the CH A 
and CH B INPUT jacks. 


3. For all except very low-amplitude waveforms, the 
probes are set for 10:1 attentuation. For very low- 
amplitude waveforms (below 50 millivolts peak-to- 
peak), set the probes for DIRECT. The 10:1 setting, 
with its higher input impedance and lower shunting 
capacitance, should be used when possible to de- 
crease circuit loading. 


4. Set MODE switch to the DUAL position. Two traces 
should appear on the screen. 


5. Adjust CH A and CH B POSITION controls to place 
the Channel À trace above the Channel B trace, and 
adjust both traces to a convenient reference mark 
on the scale. 


Channel A 


Channel B 
waveform 


Waveform A DUAL Waveform B 


height height 


C —— 2— Waveform A Waveform B 


CHA 


A. Reference frequency pulse train 
(1000 pulses per second) 


we LILILILEII 


B. Divide-by-two output synchronized 
to leading edge of reference pulse 


wel? LJ LJ LIL 


C. Divide-by-two output synchronized 
to trailing edge of reference pulse 


Fig. 3 Dual-trace waveform observation in divide-by- 
two digital circuit. 
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6. Set CH A and CH B DC-GND-AC switches to AC 
for measuring only the ac component (this is the 
normal position for most measurements and must 
be used if the point being measured includes a 
large dc component). Use the DC position for meas- 
uring both ac component and the dc reference, and 
any time a very low frequency waveform (below 
10 Hz) is to be observed. The GND position is re- 
quired only when a zero-signal ground reference 
is required, such as for dc voltage readings. 


7. Connect the ground clips of the probes to the chassis 
or common of the equipment under test. Connect 
the tips of the probes to points in the circuit where 
the waveforms are to be measured. 


8. Set the VOLTS/CM switches and VARIABLE con- 
trols for Channels A and B to a position that gives 
2 to 3 divisions of vertical deflection for each trace. 
The displays on the screen will probably be unsyn- 
chronized. Refer to TRIGGERING procedures be- 
low for adjusting synchronization and sweep speed 
to obtain a stable display showing the desired num- 
ber of waveforms. 


TRIGGERING 


The Model 1479B Oscilloscope provides versatility 
in the selection and adjustment of sync triggering for 
ability to obtain a stable, jitter-free display under a 
wide variety of conditions. The following steps are con- 
cerned with setting controls to obtain a stable, synchro- 
nized display. The proper control settings depend upon 
the type of waveform being observed and other factors. 
An explanation of the various control settings which 
affect synchronization of the display is given to help 
you select the proper settings. 


1. SOURCE Switch. 


Triggered sweep operation is normally used with 
this oscilloscope. In triggered sweep operation, the 
sweep remains at rest until triggered by a sync pulse. 
The SOURCE switch selects the input signal that 
is to be used to trigger the sweep. 


a. INTernal Sync Positions 


There are two INT sync positions, CH A 
and CH B. These positions operate a conjunction 
with the MODE switch to select the waveform 
being observed as the sync trigger. The MODE 
switch has partial priority over the SOURCE 
switch, and the combination works as follows: 


When the MODE switch is in CH A, the 
Channel A input signal becomes the sync trigger 
if the SOURCE switch is in either INT position 
(The MODE switch overrides the CH A or CH B 
selection of the SOURCE switch). 


When the MODE switch is in CH B, the 
Channel B input signal becomes the sync trigger 
if the SOURCE switch is in either INT position 
(The MODE switch overrides the CH A or CH B 
selection of the SOURCE switch). 


When the MODE switch is in the DUAL 
or ADD modes, the SOURCE switch selects 
either the CH A or CH B input signal as the 
sync trigger. 


This is an operator convenience feature. 
The operator can change from dual-trace to 
single-trace operation, or alternate between 
CH A and CH B viewing with the MODE switch 
alone, and not have to bother with the SOURCE 
switch to keep the display synchronized. 


Any signal that produces at least ] cm verti- 
cal deflection is adequate to trigger the sweep 
with INTernal sync. 


EXTernal Sync Position. 


In this position, the input signal at the 
EXTernal TRIGger jack becomes the trigger. 
This signal must have a time or frequency re- 
lationship to the signal being observed to syn- 
chronize the display. External sync is preferred 
for waveform observation in many applications. 
For example, in digital circuits where several 
time-related waveforms are present, as reference 
phase when observing phase shift at several 
points, and in signal tracing to eliminate trig- 
gering readjustment at each point of measure- 
ment. 


External triggering has a minimum sensi- 
tivity of 0.5 volt, and will often trigger on sig- 
nals as low as 0.1 volt. The maximum input 
voltage rating is 50 volts (dc + ac peak). If 
the external trigger signal amplitude is too high, 
the triggering point cannot be adjusted satis- 
factorily with the triggering LEVEL control. 
If this occurs use a 10:1 oscilloscope probe for 
the external sync signal to attenuate the trigger 
to a more suitable level. This method also ex- 
tends the maximum external triggering voltage 
that may be used. 
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een 


c. AM DET Position. 


This position selects a built-in rf detector 
that permits sync triggering from the modulation 
envelope of an amplitude modulated carrier 
of 3 MHz or higher. Internal sync operation 
provides triggering from the signal being ob- 
served (CH A in dual-trace operation). The 
amplitude of the modulation envelope should 
be 1 cm or greater vertical deflection for reliable 
triggering. 


2. COUPLING Switch. 


a. AC Position. 
Most commonly used position; permits 
triggering from 10 Hz to over 30 MHz. Blocks 
dc component of sync trigger signal. 


b. LF Rej Position. 


Attenuates trigger signals below 10 kHz. 
Useful to reduce low-frequency interference 
such as 60 Hz hum (see Fig. 4A). 


Waveform with low frequency noise 


Trigger signal by LF rejection 


Waveform with high frequency noise 


Trigger signal by HF rejection 


PE a a a a a a a a S e M 
LF REJ and HF REJ coupling filters out interference from trigger signal only. 
interference is not removed from waveforms being observed on screen of scope 


Fig.4. Effects of LF and HF rejection in sync 


coupling. 


c. HF Ref Position. 
Attenuates trigger signals above 100 kHz. 
Useful to reduce high-frequency noise (see 
Fig. 4B). 
d. DC Position. 


Permits triggering from dc to over 30 MHz. 
couples de component of sync trigger signal. 


3. SLOPE Switch (see Fig. 5) 


a. + Position. 

A sharp trigger is developed from the sync 
signal as it crosses a threshold level in a positive- 
going direction. 

b. - Position. 

A sharp trigger is developed from the sync 
signal as it crosses a threshold level in a negative- 
going direction. 


4. Triggering LEVEL Control. 


Rotation of the triggering LEVEL control varies 
the triggering threshold level as illustrated in Fig. 5. 
In the + direction (clockwise), the triggering 
threshold shifts to a more positive value, and in 
the — direction (counterclockwise), the triggering 
threshold shifts to a more negative value. When the 
control is centered, the threshold level is set at the 
approximate average of the signal used as the trig- 
gering source. Note that if the triggering LEVEL 
control is rotated toward its extreme + or — setting, 
that no sweep will be developed in the normal 
triggered sweep mode because the triggering thres- 
hold exceeds the peak amplitude of the sync signal. 


When the triggering LEVEL control is pulled 
outward (PULL AUTO), automatic sweep operation 
is selected. In automatic sweep operation, the sweep 
generator free-runs to generate a sweep without a 
trigger signal (this is also called recurrent sweep 
operation), but automatically switches to triggered 
sweep operation if an acceptable trigger source sig- 
nal is present. The AUTO position is handy when 
first setting up the scope to observe a waveform; it 
provides sweep for waveform observation until 
other controls can be properly set. Automatic sweep 
operation must be used for dc measurements and 
signals of such low amplitude that they will not 
trigger the sweep. Typically, signals that produce 
even 2 cm of vertical deflection are adequate for 
normal triggered sweep operation. 

In AUTO operation, the LEVEL control still 
selects the triggering threshold at which the scope 
will switch from automatic sweep to triggered sweep 
operation. 


m 


SLOPE + 
$ 


positive-going 
slope 


With TRIGGERING LEVEL 
control set as shown, a 
— centered sync trigger is developed 
each time the triggering 
source signal passes this 
threshold level . 


TRIGGERING 
LEVEL control 
Setting 


in a positive-going direction 


Fig.5. Triggering slope and level. 


5. FIX Pushbutton Switch. 


When the FIX button is engaged, operation is 
the same as AUTO except that triggering always 
occurs at the center of the sync trigger waveform, 
regardless of the setting of the LEVEL control. This 
is very handy because it eliminates the need to con- 
stantly readjust the LEVEL control when making 


Trigger 
Point 


NORM or 
AUTO mode 


X. 


Trigger 
Point 


——  FIX mode 


Trigger 
Point 


Fig.6. FIX mode waveforms. 
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negative-going 


— centered 


TRIGGERING 
LEVEL control 
setting 


in a negalive-going direction 


waveform measurements at several points which 
may be of different amplitude and waveshape. How- 
ever, if triggering is desired at any point other than 
the center of the waveform, the NORM or AUTO 
mode must be selected (see Fig. 6). 


. VIDEO Pushbutton Switch. 


Engage the VIDEO button for viewing tele- 
vision composite video waveforms. In this position, 
the sync trigger signal is routed through a sync 
separator circuit. This switch operates in con- 
junction with SWEEP TIME/CM switch to auto- 
matically select horizontal or vertical sync pulses 
at appropriate sweep speeds for viewing each type 
of waveform. Vertical sync pulses (FRAME) are 
automatically selected at sweep speeds of .1 ms/cm 
and slower, since these sweep speeds are appropriate 
for viewing vertical frames of video. Horizontal 
sync pulses (LINE) are automatically selected at 
sweep speeds of 50yus/cm and faster, since these 
sweep speeds are appropriate for viewing hori- 
zontal lines of video. 


7. Triggering Adjustment Procedure. 


Step 1. 

Select the triggering SOURCE, COUPL- 
ING, SLOPE, and LEVEL for desired trigger- 
ing as explained previously. If unsure, start 
with INT source, AC coupling, + slope, and 
VIDEO button to NORM (out). 
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b. Step2. d. Step 4. 


Adjust triggering LEVEL control to obtain 
a synchronized display without jitter. As a start- 
ing point, the control may be rotated to any 
point that will produce a sweep, which is usually 
somewhere in the center portion of its range. 
The trace will disappear if there is inadequate 
signal to trigger the sweep, such as when meas- 
uring de or extremely low amplitude wave- 
forms. If no sweep can be obtained select AUTO 
or FIX. 


Step 3. 

Set SWEEP TIME/CM switch and VARI- 
ABLE control for the desired number of wave- 
forms. These controls may be set for viewing 
only a portion of a waveform, but the trace 
becomes progressively dimmer as a smaller por- 
tion is displayed. This is because the sweep 
speed increases but the sweep repetition rate 
does not change. 


After obtaining the desired number of wave- 
forms, as in step 3, it is often desirable to make 
a final adjustment of the triggering LEVEL 
control. The control may be adjusted to start 
the sweep on any desired portion of the wave- 
form. 


Step 5. 

For a close-up view of a portion of the 
waveform, pull outward on the < > POSITION 
control. This expands the sweep by a factor of 
five (5X magnification) and displays only the 
center portion of the sweep. To view a portion 
to the left of center, turn the «a > POSITION 
control counterclockwise, and to view a por- 
tion to the right of center, turn the control 
clockwise. Push inward on the control to return 
the sweep to the normal, non-magnified con- 
dition. 


BASIC APPLICATIONS 


SIGNAL-TRACING AND PEAK-TO-PEAK 
VOLTAGE READINGS 


For general troubleshooting and isolation of troubles 
in almost any electronic equipment, the oscilloscope is 
an indispensable instrument. It provides a visual display 
of absence or presence of normal signals. This method 
(signal-tracing) may be used to trace a signal by meas- 
uring several points in the signal path. As measurements 
proceed along the signal path, a point may be found 
where the signal disappears. When this happens, the 
source of trouble has been located. 


However, the oscilloscope shows much more than 
the mere presence or absence of signal. It provides a 
peak-to-peak voltage measurement of the signal. The 
cause of poor performance can often be located by mak- 
ing such peak-to-peak voltage measurements. The 
schematic diagram or accompanying service data on 
the equipment being serviced usually includes waveform 
pictures. These waveform pictures include the required 
sweep time and the normal peak-to-peak voltage. Com- 
pare the peak-to-peak voltage readings and waveshape 
on the oscilloscope with those shown on the waveform 
pictures, Any abnormal readings should be followed by 
additional readings in the suspected circuits until the 
trouble is isolated to as small an area as possible. The 
procedures for making peak-to-peak voltage measure- 
ments are given in the following CALIBRATED VOLT- 
AGE MEASUREMENT paragraph. 


CALIBRATED VOLTAGE MEASUREMENT 
(See Fig. 7) 


Peak voltages, peak-to-peak voltages, dc voltages 
and voltages of a specific portion of a complex waveform 
are easily and accurately measured on the Model 1479B 
oscilloscope. 


1. Adjust controls to display the waveform to be meas- 
ured, as previously instructed in the WAVEFORM 
OBSERVATION and TRIGGERING paragraphs. 


2. Be sure the CH B vertical VARIABLE control is 
set fully clockwise to the CAL position. 


3. Set CH B VOLTS/CM switch for the maximum verti- 
cal deflection possible without exceeding the limits 
of the vertical scale. 


4. Read the amount of vertical deflection (in cm) from 
the scale. The CH B POSITION control may be 
readjusted to shift the reference point for easier scale 
reading if desired. When measuring a dc voltage, 
adjust the CH B POSITION control to a convenient 
reference with the CH B DC-GND-AC switch in the 
GND position, then note the amount the trace is 
deflected when the switch is placed in the DC posi- 
tion. The trace deflects upward for a positive 
voltage input and downward for a negative voltage 
input. 


5. Calculate the voltage reading as follows: Multiply 
the vertical deflection (in cm) by the VOLTS/CM 
control setting (see example in Fig. 7). Don't forget 
that the voltage reading displayed on the oscilloscope 
is only 1/10th the actual voltage being measured 


<< POSITION control adjusted so that 
top of waveform crosses center of 
vertical scale marker for accuracy 
and ease of reading 


HB 
CH B POSITION control adjusted so ha GAL 


that bottom of waveform aligns exactly 
with a horizontal reference line 


10:1 probe 
attenuation 


Example 
Vertical deflection = 4.2 cm 
Voltage/division = 20mV 


84mV 


Probeattenuation * X10 
Peak to peak waveform = 840mV or 0.84V 


Fig.7. Typical voltage measurement. 
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when the probe is set for 10:1 attenuation. The 
actual voltage is displayed when the probe is set 
for DIRect measurement. 


6. Calibration accuracy of this oscilloscope may be 
occasionally checked by observing the 0.5 volt 
peak-to-peak square wave signal available at the 
CAL 1kHz fL 0.5 p-p terminal. This calibrated 
source should read exactly 0.5 volt peak-to-peak. If 
a need for recalibrated is indicated, see the mainte- 
NANCE AND CALIBRATION section of the man- 
ual for complete procedures. 


DIFFERENTIAL VOLTAGE MEASUREMENT 
(See Fig. 8) 


This oscilloscope may be used to observe waveforms 
and measure voltages between two points in a circuit, 
neither of which is circuit ground. Such measurements 
as the inputs to a differential amplifier, the output of 


CHA &CHB 
VOLTS/CM set to 
same sensitivity 


Push - Pull 
Amplifier 


Example: 
Vertical deflection = — 6 cm 
Voltage/c/m = 20mV 
120m 
10: 1 (Probe attenuation = X 10) 


Peak to peak waveform = 1200mV or 1 2V 


Fig.8. Typical differential mearsurement. 


a phase splitter or push-pull amplifier, the amount of 
signal developed across a single section of voltage divider 
or attenuator, and many others, require this technique. 


CAUTION 


Never connect the ground clip of an oscilloscope 
probe to a circuit point other than chassis ground. 
The ground clip of each probe is at earth ground 
and will short any circuit point to which it is con- 


nected to earth ground. Unless that circuit point 
is already floating or grounded, the equipment 
under test could be damaged. 


1. Adjust controls as previously described under INI- 
TIAL STARTING PROCEDURE and WAVEFORM 
OBSERVATION. 


2. Connect a probe cable to both the CH A and CH B 
INPUT jacks. Make sure both probes are set for the 
same amount of attenuation, either 10:1 or direct. 


3. Connect ground clips of the two probes to the chas- 
sis of equipment under test, and connect tips of the 
probes to the points in the circuit where measure- 
ments are to be made. It is usually desirable to con- 
nect the CH A probe to a higher potential or higher 
amplitude point in the circuit and the CH B probe 
to the lower potential or lower amplitude point in 
the circuit. 


4. Set the MODE switch to the CH A position and the 
SOURCE switch to the CH A position and adjust 
controls to obtain a synchronized single waveform 
of 2 to 6 cm vertical height with the CH A VARI- 
ABLE control set to CAL. 


5. If only the ac component of the waveform is of in- 
terest, use the following procedure: 


a. Set CHA and CH B AC-GND-DC switches both 
to the AC position. 


b. Set CH B VARIABLE control to CAL and the 
CH B VOLTS/CM switch to the same position 
as the CH A VOLTS/CM switch. 


c. Setthe MODE switch to the ADD position. 


If the Channel A and Channel B signals are in 
phase, the displayed waveform is the sum of the 
amplitudes of the two signals. Any imbalance 
or difference can be checked by pressing the 
CH B POLARITY pushbutton switch to the 
INV position. The displayed waveform becomes 
the difference between the two signals. 


V 


If the Channel A and Channel B signals are 
180° out of phase, such as the output of a push- 
pull amplifier, invert the Channel B signal by 
pressing the CH B POLARITY pushbutton 
switch to the INV position. The displayed wave- 
form becomes the sum of the two signals. Return 
the Channel B signal to normal polarity by re- 
leasing the CH B POLARITY button to the 
NORM position to display any imbalance or 
difference between the two signals. 


Readjust the VOLTS/CM switches as required 
to obtain as large a waveform as possible with- 
out exceeding the limits of the VERTICAL 
scale, but always keep the CH A and CH B 
switches set to the same sensitivity. 


Position the waveform as desired with the posi- 
tioning controls and calculate the peak-to-peak 
voltage as described in CALIBRATED VOLT- 
AGE MEASUREMENT procedure. 


. If a dc voltage, or the dc component of the waveform 
is of interest, use the following procedure: 


a. 


b. 


Set CH A AC-GND-DC switch to the DC posi- 
tion. 


Position the CH A VOLTS/CM switch to keep 
the trace within the limits of the vertical scale. 
Use the CH A POSITION control to align the 
trace with one of the lines on the scale for re- 
ference. 


Position CH B VOLTS/CM switch to the same 
position as the CH A VOLTS/CM switch. Set 
CH A and CH B VARIABLE controls to CAL. 


Set MODE switch to the CH B position and the 
CH B AC-GND-DC switch to the GND position, 
and adjust out any dc offset that may be in- 
troduced by the CH B POSITION control as 
follows: Alternately reverse the polarity of 
Channel B only be alternately switching the 
CH B POLARITY switch between the INV 
and NORM positions, adjusting the CH B POSI- 
TION control until the trace position does not 
shift when the polarity is reversed. 


Return CH B AC-GND-DC switch to the DC 
position. 


Momentarily return the MODE switch to the 
CH A position and note the trace position for 
reference. You may readjust it with the Channel 
À vertical positioning control, but not the Chan- 
nel B control. Place the MODE switch in the 
ADD position and press the CH B POLARITY 
button to the INV position. The amount of 
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displacement of the trace from the Channel A 
reference represents the voltage differential 
between the two points of measurement. 


CALIBRATED TIME MEASUREMENT (See Fig. 9) 


Pulse width, waveform periods, circuit delays and 
all other waveform time durations are easily and accu- 
rately measured on this oscilloscope. Calibrated time 
measurements from 5 seconds down to 8 ns are possible. 
At low sweep speeds, the entire waveform is not visible 
at one time. However, the bright spot can be seen mov- 
ing from left to right across the screen, which makes 
the beginning and ending points of the measurement 
easy to spot. 


1. Adjust controls as previously described for a stable 
display of the desired waveform. 


2. Besure the sweep time VARIABLE control is fully 
clockwise to the CAL position. 


«POSITION control adjusted so that 
leading edge of waveform aligns with 
a vertical reference line. Edge may not 
be visible on very fast pulses: In this 


Horizontal case, align wherever waveform begins. 


Deflection 


VARIABLE 
set to CAL 


SWEEP TIME/CM 


negative-going 
edge of waveform 


CH B POSITION control adjusted so that 
trailing edge of waveform crosses a 
horizontal scale marker for accuracy 
and ease of reading. 


Example: 
Horizontal deflection = 6.35 cm 
Sweep time/division = 10sec 
Time duration (or period) 
of waveform = 63.5usec 


Frequency = Tis * 3000635 
= 15,750 Hz Display shows typical television 
receiver waveform at grid of 
horizontal output tube. 


Fig.9. Tyical time measurement. 
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3. Set the SWEEP TIME/CM control for the largest 
possible display of the waveform segment to be 
measured, usually one cycle. 


4. If necessary, readjust the triggering LEVEL con- 
trol for the most stable display. 


5. Read the amount of horizontal deflection (in cm) 
between the points of measurement. The < > POSI- 
TION control may be readjusted to align one of 
the measurement points with a vertical scale marker 
for easier reading. 


6. Calculate the time duration as follows: Muliply 
the horizontal deflection (in cm) by the SWEEP 
TIME/CM switch setting (see example in Fig. 9). 
Remember, when the 5X magnification is used, the 
result must be divided by five to obtain the actual 
time duration. 


7. Time measurements often require external sync. 
This is especially true when measuring delays. The 
sweep is started by a sync from one circuit and the 
waveform measured in a subsequent circuit. This 
allows measurement of the delay between the sync 
pulse and the subsequent waveform. To perform 
such measurements using external sync, use the fol- 
lowing steps: 


a. SettheSOURCE switch to EXT. 


b. Connect a cable from the EXT TRIG jack to 
the source of sync signal. Use a short shielded 
cable. 


c. Set the SLOPE switch to the (+) or (—) position 
for the proper polarity for the sync signal. 


d. Readjust the triggering LEVEL control if neces- 
sary for a stable waveform. 


e. If measuring a delay, measure the time from the 
start of the sweep to the start of the waveform. 


8. Another excellent method for measuring time delays 
is with dual-trace operation. Display the input signal 
on Channel A and the output signal on Channel B. 
Set SOURCE switch to CH A and calculate the time 
delay by measuring the horizontal displacement 
between the same point on the Channel A and Chan- 
nel B waveforms. 


EXTERNAL HORIZONTAL INPUT 
(X-Y OPERATION) 


For some measurements, an external horizontal de- 
flection signal is required. This is also referred to as an 
X-Y measurement, where the Y input provides vertical 
deflection and the X input provides horizontal deflection. 
The horizontal input may be a sinusoidual wave, such 
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as for phase measurement, or an external sweep voltage. 
This input must be 5 mV to 5 V per cm of deflection; 
thus any voltage of 50 mV or greater is sufficient for 
satisfactory operation. With a 10:1 probe, voltage up 
to 500 V p-p may be used. To use an external horizontal 
input, use the following procedure: 


1. Set the SWEEP TIME/CM switch fully clockwise 
to the CH B position. 

2. Use the Channel A probe for the vertical input and 
the Channel B probe for the horizontal input. 


3. Adjust the amount of horizontal deflection with the 
CH B VOLTS/CM and VARIABLE controls. 


4. The CH B (vertical) POSITION control now serves 
as the horizontal position control, and the «4 » POSI- 
TION control is disabled. 


NOTE 


Do not use the PULL 5X MAG control during 
X-Y operation. Use the CH B VARIABLE and 


VOLTS/CM controls to adjust horizontal gain. 


5. All sync controls are disconnected and have no ef- 
fect. 


6. Several typical examples of X-Y operation are given 
in the X-Y APPLICATIONS section of this manual. 


Z-AXIS INPUT 


The trace displayed on the screen may be intensity- 
modulated (Z-axis input) where frequency or time-scale 
marks are required. A 5-volt peak-to-peak or greater 
signal applied to the Z-AXIS INPUT jack on the rear of 
the oscilloscope will provide alternate brightness and 
blanking of the trace. Positive voltage input increases 
brightness. See Fig. 10. 


Fig. 10. Oscilloscope trace with Z-axis input. 


Another useful application for Z-axis input is for 
spot blanking during X-Y operation. The procedure 
for spot blanking is given in the X-Y APPLICATIONS 
section of this manual. 


DUAL TRACE APPLICATIONS 


INTRODUCTION 


The most obvious and yet the most useful feature of 
the dual-trace oscilloscope is that it has the capability 
for viewing simultaneously two waveforms that are fre- 
quency- or phase-related, or that have a common syn- 
chronizing voltage such as in digital circuitry. Simulta- 
neous viewing of “cause and effect” waveforms is an 
invaluable aid to the circuit designer or the repairman. 
Several possible applications of the dual-trace oscillo- 
scope will be reviewed in detail to familiarize the user 
further in the basic operation of this oscilloscope. 


FREQUENCY DIVIDER WAVEFORMS 


Fig. 3 illustrates the waveforms involved in a basic 
divide-by-two circuit. Fig. A indicates the reference or 
“clock” pulse train. Fig. B and Fig. C indicate the pos- 
sible outputs of the divide-by-two circuitry. Fig. 3 also 
indicates the settings of specific oscilloscope controls 
for viewing these waveforms. In addition to these basic 
control settings, the triggering LEVEL control, as well 
as the Channel A and Channel B vertical position con- 
trols should be set as required to produce suitable dis- 
plays. In the drawing of Fig. 3 the waveform levels of 
2 divisions are indicated. If the exact voltage amplitudes 
of the Channel A and Channel B waveforms are desired, 
the Channel A and Channel B VARIABLE controls 
waveform may be either that indicated in Fig. 3B or 3C. 
In Fig. 3C the divide-by-two output waveform is shown 
for the case where the output circuitry responds to a 
negative-going waveform. In this case, the output wave- 
form is shifted with respect to the leading edge of the 
reference frequency pulse by a time interval correspond- 
ing to the pulse width. 


DIVIDE-BY-8 CIRCUIT WAVEFORMS 


Fig. 11 indicates waveform relationships for a basic 
divide-by-eight circuitry. The basic oscilloscope settings 
are identical to those used in Fig. 3. The reference fre- 
quency of Fig. 11A is supplied to the Channel B input. 
Fig. B indicates the ideal time relationships between the 
input pulses and the output pulse. 


In an application where the logic circuitry is operat- 
ing at or near its maximum design frequency, the accu- 


A. Reference Frequency Pulse Train (1000 Pulses per Second) 


B Ideal Divide-by-Eight Output 


C. Propagation Delay in Divide-by-Eight Circuit 


Fig. 11. Waveforms in divide-by-eight circuit. 
mulated rise time effects of the consecutive stages pro- 
duce a built-in time propagation delay which can be 
significant in a critical circuit and must be compensated 
for. Fig. 11C indicates the possible time delay which 
may be introduced into a frequency divider circuit. By 
use of the dual-trace oscilloscope the input and output 
waveforms can be superimposed to determine the exact 
amount of propagation delay that occurs. 


PROPAGATION TIME MEASUREMENT 


An example of propagation delay in a divide-by- 
eight circuit was given in the previous paragraph. Signi- 
ficant propagation delay may occur in any circuit with 
several consecutive stages. This oscilloscope has features 
which simplify measurement of propagation delay. Fig. 12 
shows the resultant waveforms when the dual-trace 
presentation is combined into a single-trace presentation 
by selecting the ADD position of the MODE switch. 
With CH B POLARITY switch in NORM, the two in- 
puts are algebraically added in a single trace display. 
Similarly, in the INV position (in), the two inputs are 
algebraically subtracted. Either position provides a 
precise display of the propagation time (Tp). Using 
the procedures given for calibrated time measure- 
ment, Tp can be measured. A more precise measure- 
ment can be obtained if the Tp portion of the waveform 
is expanded horizontally. This may be done by pulling 
the PULL 5X MAG control. It also may be possible to 
view the desired portion of the waveform at a faster 
sweep speed. 
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ADD Mode, CH B Polarity NOR 


Expand this portion 
for more precise 
time measurement 


ADD Mode, CH B Polarity INV 


Fig. 12. Using ADD mode for propagation time measurement. 


DIGITAL CIRCUIT TIME RELATIONSHIPS 


A dual-trace oscilloscope is a necessity in designing, 
manufacturing and servicing digital equipment. It per- 
mits easy comparison of time relationships between 
two waveforms. 


In digital equipment, it is common for a large num- 
ber of circuits to be synchronized, or to have a specific 
time relationships to each other. Many of the circuits 
are frequency dividers as previously described, but 
waveforms are often time-related in many other com- 
binations. In the dynamic state, some of the waveforms 
change, depending upon the input or mode of operation. 
Fig. 13 shows a typical digital circuit and identifies 
several of the points at which waveform measurements 
are appropriate. The accompanying Fig. 14 shows the 
normal waveforms to be expected at each of these points 
and their timing relationships. The individual waveforms 
have limited value unless their timing relationship to 
one or more of the other waveforms is known to be cor- 
rect. The dual-trace oscilloscope allows this comparison 
to be made. In typical fashion, waveform No. 3 would 
be displayed on Channel A and waveforms No. 4 through 
No. 10 would be successively displayed on Channel B, 
although other timing comparisons may be desired. 


In the family of time-related waveforms shown in 
Fig. 14, waveform No. 8 or No. 10 is an excellent sync 


source for viewing all of the waveforms; there is but 
one triggering pulse per frame. For convenience, exter- 
nal sync using waveform No. 8 or No. 10 as the syne 
source may be desirable. With external sync, any of the 
waveforms may be displayed without readjustment of 
the sync controls. Waveforms No. 4 through No. 7 
should not be used as the sync source because they do 
not contain a triggering pulse at the start of the frame. 
It would not be necessary to view the entire waveforms 
as shown in Fig. 14 in all cases. In fact, there are many 
times when a closer examination of a portion of the 
waveforms would be appropriate. In such cases, it is 
recommended that the sync remain unchanged while the 
sweep speed or 5X magnification is used to expand the 
waveform display. 


As shown in Fig. 10, time relationships of three 
simultaneous waveforms are possible by applying one 
of the waveforms to the Z-axis input. If desired, this 
could be the same signal as used for external sync. 


DISTORTION MEASUREMENT 


An amplifier stage, an entire amplifier unit, or al- 
most any circuit or equipment in which low distortion 
is important can be checked for distortion using dual- 
trace operation of this oscilloscope. The input signal of 
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Data Enable 


Date Select Line—D (16) 
Data Select Line—C (8) 


Data Select Line—B (4) 
Date Select Line—A (2) 


US 8 
lock Osc. 
5 se Date Enable 


Counter Counter 


Counter 
Enable 


End Frame Reset 


Fig. 13. Typical digital circuit using several time-related waveforms. 


Counter 
Enable 


Data 
Select A” 


Data 
Select 'B' 


Data 
Select 'C' 


Data 
Select 'D' 


Data 
Enable 


End Frame 
Reset 


Fig. 14. Family of time-related waveforms from digital circuit in Fig. 13. 
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the circuit being tested is displayed on the Channel A for 
reference, and the output signal is displayed on Channel 
B. If distortion is low, the Channel B waveform will 
compare favorably with the Channel A waveform. If 
distortion is high, the Channel B waveshape will be 
noticeably different from the Channel A waveshape. 
Signal levels should be kept within the amplitude range 
normally encountered in the circuit under test. Too 
much signal will drive the amplifier into clipping, with 
resultant high distortion. 


Distortion is more easily detected using a triangle 
wave than a sine wave signal. Any departure from 
linearity in the Channel B display is quite readily ob- 
served. A highly linear triangle wave test signal is avail- 
able from most function generators, such as the B & K- 
Precision Models 3010 and 3020. 


An improved method of detecting low levels of dis- 
tortion uses the ADD mode of operation as follows: (see 
Fig. 15) 


1. Start with dual-trace operation (MODE switch in 
DUAL). 


1. Set up oscilloscope as shown. 


2. Adjust A and B POSITION controls 
to superimpose the waveforms 
directly over each other. 


. Set MODE switch to ADD. Push 
CH B POLARITY switch to INV 
(use NORM if waveform B is 
inverted with respect to 
waveform A). Any waveform 
Distortion which remains equals distortion. 


INV or 
NORM 
(see step 3) 


Adjust so that both 
waveforms are the 
same amplitude 


Fig. 15. Distortion measurement. 


2. Apply a test signal to the circuit under test, and also 
display this signal on the Channel A trace of the 
oscilloscope. 


3. Display the output signal of the circuit under test 
on the Channel B trace of the oscilloscope. If the 
Channel A and Channel B signals are out of phase, 
invert the Channel B signal by pushing the CH B 
POLARITY switch. 


4. Adjust the CH A and CH B POSITION controls to 
superimpose the waveforms directly over each other. 
Also adjust the CH A and CH B vertical sensitivity 
controls (VOLTS/CM and VARIABLE) so that both 
waveforms are as large as possible without exceeding 
the limits of the scale, and so that both waveforms 
are exactly the same height. 


5. Now switch to the ADD mode and invert the Channel 
B display (CH B POLARITY switch in opposite 
position from step 2). The oscilloscope is now set 
up for subtract operation, a single trace display of 
the difference between the Channel A and Chan- 
nel B signal. Readjust the CH B VARIABLE control 
for the minimum obtainable amplitude. Any wave- 
form that remains equals distortion; if the two 
waveforms are exactly the same amplitude and there 
is no distortion, the waveforms will cancel and 
there will be only a straight horizontal line remain- 
ing on the screen. 


Other applications for this measurement in a design 
lab include determining the maximum allowable signal 
amplitude in a circuit, evaluating the effects upon dis- 
tortion at various signal levels, and evaluating the ef- 
fects upon distortion at various bias voltages. 


STEREO AMPLIFIER SERVICING 


Another convenient use for dual-channel oscillo- 
scopes is in troubleshooting stereo amplifiers. If identi- 
cal channel amplifiers are used and the output of one is 
weak, distorted or otherwise abnormal, the dual trace 
oscilloscope can be efficiently used to localize the de- 
fective stage. With an identical signal applied to the in- 
puts of both amplifiers, a side-by-side comparison of 
both units can be made by progressively sampling 
identical signal points in both amplifiers. When the 
defective or malfunctioning stage has been located, the 
effects of whatever troubleshooting and repair methods 
are employed can be observed and analyzed imme- 
diately. 
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DELAY LINE TESTS 


The dual-trace feature of the oscilloscope also can 
be used to determine the delay times of transmission- 
type delay lines as well as ultrasonic-type delay lines. 
The input pulse can be used to trigger or synchronize 
the Channel A display and the delay line output can be 
observed on Channel B. A repetitive type pulse will make 
it possible to synchronize the displays. The interval 
between repetitive pulses should be large compared to 
the delay time to be investigated. In addition to deter- 
mining delay time, the pulse distortion inherent in the 
delay line can be determined by examination of the 
delayed pulse observed on the Channel B waveform dis- 
play. Fig. 16 demonstrates the typical oscilloscope set- 
tings as well as the basic test circuit. 


Typical input and output waveforms are shown on 
the oscilloscope display. Any pulse stretching and ripple 
can be observed an evaluated. The results of modifying 
the input and output terminations can be observed 
directly. 


A common application of the delay line checks is 
found in color television receivers to check the “Y” delay 
line employed in the video amplifier section. The input 
waveform and the output waveform are compared for 
delay time, using the horizontal sync pulse of the com- 
posite video signal for reference. The delay is approxi- 


CH 
(Input pulse) 7I 


CH B 
(Output pulse) 


Ultrasonic 
Delay Line 
(5 usec) Output 


5000 PPS 
1 psec pulse width 


Fig. 16. Delay line measurement. 
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mately one microsecond. In addition to determining 
the delay characteristics of the line, the output wave- 
form reveals any distortion that may be introduced from 
an impedance mismatch or a greatly attenuated output 
resulting from an open line. 


IMPROVING THE RATIO OF DESIRED-TO- 
UNDERSIRED SIGNALS 


In some applications, the desired signal may be 
riding on a large undesired signal component such as 
60 Hz. It is possible to minimize or for practical pur- 
poses eliminate the undesired component. Fig. 17 in- 
dicates the oscilloscope control settings for such an ap- 
plication. The waveform display of Channel A indicates 
the desired signal and the average amplitude variation 
corresponding to an undesired 60 Hz component. The 
Channel B display indicates a waveform of equal ampli- 
tude and identical phase to the average of the Channel 
A waveform. With the MODE switch set to ADD and 
the Channel B signal inverted, and by adjusting the 
CH B vertical attenuator controls, the 60 Hz component 
of the Channel A signal can be cancelled by the Chan- 
nel B input and the desired waveform can be observed 
without the 60 Hz component. 


AMPLIFIER PHASE SHIFT MEASUREMENTS 


Phase measurements can be made by several methods 
using oscilloscopes. Typical applications are in circuits 
designed to produce a specific phase shift, and measure- 
ment of phase shift distortion in audio amplifiers and 
networks. In all amplifiers, a phase shift is always as- 


Adjust for one 
complete cycle 


Start with NORM 
Change to INV 


Start with DUAL 
Change to ADD 


Signal 
+60 Hz 


Fig. 17. Improving desire-to-understand signal ratio. 
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sociated with a change in amplitude response. For ex- 
ample, at the —3 dB response points, a phase shift of 
45? occurs. 


Phase measurements can be performed by operating 
the oscilloscope either in the dual-trace mode or the 
X-Y mode. This method uses the dual-trace mode to 
measure amplifier phase shift directly. Fig. 18 illustrates 
this method. In this particular case, the measurements 
are being made at approximately 5000 Hz. The input 
signal to the audio amplifier is used as a reference and 
is applied to the CH A INPUT jack. 


The sweep time VARIABLE control is adjusted as 
required to provide a complete cycle of the input wave- 
form display on 8 divisions horizontally. A waveform 
height of 2 divisions is used. The 8 division display 
represents 360? at the displayed frequency and each 
centimeter represents 45? of the waveform. The signal 
developed across the output of the audio amplifier is 
applied to the Channel B INPUT jack. The vertical 
attenuator controls of Channel B are adjusted as re- 
quired to produce a peak-to-peak waveform of 2 divisions 
as shown in Fig. 18B. 


The CH B POSITION control is then adjusted so 
that the Channel B waveform is displayed on the same 
horizontal axis as the Channel A waveform as shown in 
Fig. 18B. The distance between corresponding points 
on the horizontal axis for two waveforms then represents 
the phase shift between the two waveforms. In this case, 
the zero crossover points of the two waveforms are com- 
pared. It is shown that a difference of 1 division exists. 
This is then interpreted as a phase shift of 45°. 


Adjust as required 
for complete 
cycle in 8 cm 


Channel A 


Channel B 


Channel A 
Channel B 


Fig. 18. Measuring amplifier phase shift. 
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INTRODUCTION 


In conventional sweep operation, the vertical (Y) 
axis corresponds to voltage, while the horizontal (X) 
axis corresponds to time. In X-Y operation, both axes 
correspond to voltage. The vertical (Y) axis corresponds 
to the voltage applied to the Channel A input, and the 
horizontal (X) axis corresponds to the voltage applied 
to the Channel B input. 


X-Y operation permits the oscilloscope to perform 
many types of measurements not possible with conven- 
tional sweep operation. The CRT display becomes an 
electronic graph of two instantaneous voltages. The dis- 
play may be a direct comparison of the two voltages 
such as during phase measurement, frequency measure- 
ment with Lissajous waveforms, and vectorscope dis- 
play of video color bar patterns. However, the X-Y mode 
can be used to graph almost any dynamic characteristics 
if a transducer is used to change the characteristic 
(frequency, temperature, velocity, etc., etc., etc.) into 
a voltage. For example, the horizontal deflection volt- 
age during frequency response measurements is pro- 
portional to frequency; thus the X axis corresponds to 
frequency. 


FREQUENCY RESPONSE MEASUREMENTS 
General 


This oscilloscope and a sweep generator may be used 
to check the frequency response of such devices as ampli- 
fiers, bass and treble controls, bandpass filters, low or 
high pass filters, coupling networks, and virtually any 
active or passive circuit. The same technique is used for 
alignment of circuits with adjustable bandwidth or re- 
sponse curves such as television i-f amplifiers, FM dis- 
criminators, and tunable filters. 


The oscilloscope display is a frequency response 
curve of the same type normally seen in theory books 
and in equipment manufacturer's service literature. 
A typical response curve is shown in Fig. 19. 


Procedure 


1. Connect the AF or RF output of a sweep generator 
to the input of the circuit being tested. Set the sig- 
nal amplitude to a level normally encountered in 


the circuit under test. The oscilloscope may be used 
to measure the signal amplitude using conventional 
sweep operation. 


2. Set the desired frequencies, sweep width, and sweep 
rate on the sweep generator. 


3. Connect the Channel A input of the scope to measure 
the output of the circuit under test. That circuit 
should be terminated in its normal load impedance. 
Set the Channel A sensitivity (CH A VOLTS/CM 
and VARIABLE) for a convenient viewing height, 
usually 4 to 8 cm maximum. This can be done 
with conventional sweep operation before switching 
over to X-Y operation. 


4. Select X-Y operation by placing the SWEEP TIME/ 
CM switch in the CH B position. 


Oscilloscope 
Amplitude 


Divisions) 
7 (off scale) 
5 


Frequency Response (dB) 
Reference Gain at 10KHz 


Response Curve 
Without Demodulator 


Demodulated 
Response 
Curve 


AC Adjust Adjust AC 
Vertical Horizontal 


Sweep Generator 
Size Size Ps A 


Sweep Audio 
Voltage or RF Out 


[o Device o- 
uri E 


Typical X-Y operation. 


Fig. 19. 
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5. Connect the sweep voltage output of the sweep 
generator to the Channel B input of the scope. Set 
the Channel B sensitivity (CH B VOLTS/CM and 
VARIABLE) for a convenient viewing width, usually 
8 to 10 cm. Use the CH B POSITION control for 
horizontal centering if necessary. 


6. The frequency response curve should now be dis- 
played on the screen. 


Considerations 


1. Fig. 15 shows two possible types of frequency re- 
sponse display. The top pattern is an envelope, 
which is the type of display obtained when a stand- 
ard oscilloscope probe is used. This is recommended 
for low frequency applications such as audio, and 
may be used up to 10 MHz. At higher frequencies, 
the response roll-off of the scope will be added to the 
response roll-off of the circuit under test. The lower 
display in Fig. 15 is a single line, which is the type 
of display obtained when a demodulator probe (rf 
detector probe) is used for the Channel A input. This 
is recommended for rf applications. The upper fre- 
quency limit of such measurements is determined by 
the response of the probe rather than the response 
of the scope. 


2. For the display to be meaningful, there must be some 
method of correlating horizontal deflection to speci- 
fic frequencies. Some sweep generators have built- 
in frequency markers for this purpose, while others 
require additional external equipment. Some sweep 
generators employing a VCO (voltage controlled 
oscillator) have a VCO output which can be used 
as horizontal deflection and to add frequency 
markers. The B & K-Precision Model 3020 Sweep/ 
Function Generator is such a product. The VCO 
output is proportional to frequency whether in 
sweep operation or when manually dialed to a fre- 
quency. Initially, the generator can be dialed to 
each frequency of interest. Horizontal deflection 
will consist of a dot that moves left or right as the 
frequency dial of the generator is rotated. A mark 
can be added on the face of the CRT with a grease 
pencil, directly over the dot at each frequency of 
interest. When the generator is switched to sweep 
frequency operation, the marks still accurately de- 
fine the frequencies (if the horizontal sensitivity of 
the scope has not been changed). 


SEMICONDUCTOR CHARACTERISTIC CURVES 


Using X-Y operation of this oscilloscope and a semi- 
conductor curve tracer such as the B & K-Precision 


Model 501A, a family of characteristic curves for a 
transistor, FET, or other semiconductor device can be 
displayed. The display is of the same type found in semi- 
conductor catalogs and specification sheets. Iç is plotted 
on the Y axis and V. is plotted on the X axis, with a curve 
for each step of I. See the typical example in Fig. 20. 
Connect the “collector current" output of the curve 
tracer to the Channel A input of the scope and the 
“collector voltage" output of the curve tracer to the 
Channel B input of the scope. The vertical and horizontal 
sensitivity must be adjusted to calibrate the display to 
the standards specified in the curve tracer instruction 
manual. Characteristic curves may be used to test 
semiconductors, sort and identify unknown types, se- 
lect equivalent substitute devices, and to select matched 
pairs. 


PHASE SHIFT MEASUREMENT 


One method of phase shift measurement was de- 
scribed in the DUAL-TRACE APPLICATIONS portion 
of this manual. A second method of phase measurement 
requires calculations based on the Lissajous patterns 
obtained using X-Y operation. Distortion due to non- 
linear amplification also can be displayed. 


A sine wave input is applied to the audio circuit be- 
ing tested. The same sine wave input is applied to the 
vertical input of the oscilloscope, and the output of the 
tested circuit is applied to the horizontal input of the os- 
cilloscope. The amount of phase difference between the 
two signals can be calculated from the resulting wave- 
form. 


Fig. 20. Typical oscilloscope display of NPN transistor 
characteristic curves using a transistor curve 
tracer. 
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"^ 


Fig. 21. 


To make phase measurements, use the following 


procedure starting with the test set-up of Fig. 18. 
l. 


Using an audio signal generator with a pure sinusoi- 
dal signal, apply a sine wave test signal at the desired 
test frequency to the audio network being tested. 


Set the signal generator output for the normal operat- 
ing level of the circuit being tested. If desired, the 
circuit’s output may be observed on the oscilloscope. 
If the test circuit is overdriven, the sine wave display 
on the oscilloscope is clipped and the signal level 
must be reduced. 


Connect the Channel B probe to the output of the 
test circuit. 


. Select X-Y operation by placing the SWEEP TIME/ 


CM switch in the CH B position. 


Connect the Channel A INPUT probe to the input 
of the test circuit. (The input and output test con- 
nections to the vertical and horizontal oscilloscope 
inputs may be reserved.) 


Adjust the Channel A and B gain controls for a suit- 
able viewing size. 

Some typical results are shown in Fig. 21. If the 
two signals are in phase, the oscilloscope trace is a 
straight diagonal line. If the vertical and horizontal 
gain are properly adjusted, this line is at a 45? angle. 


V 


AMPLITUDE DISTORTION 
NO PHASE SHIFT 


NO AMPLITUDE DISTORTION 
NO PHASE SHIFT 


A 


NO AMPLITUDE DISTORTION 
PHASE SHIFT 


Q 


90° OUT OF PHASE 


180° OUT OF PHASE 


AMPLITUDE DISTORTION 
PHASE SHIFT 


Typical phase measurement oscilloscope 
displays. 


A 90° phase shift produces a circular oscilloscope 
pattern. 

Phase shift of less (or more) than 90° produces an 
elliptical oscilloscope pattern. The amount of phase 
shift can be calculated from the oscilloscope trace as 
shown in Fig. 22. 


Where Ø = Phase Angle 


Fig. 22. Phase shift calculation. 
FREQUENCY MEASUREMENT 


k 


4. 


Fig. 23. 


Connect the sine wave of known frequency to the 
CH B INPUT jack of the oscilloscope and select 
X-Y operation. This provides external horizontal 
input. 


. Connect the vertical input probe (CH A INPUT) 


to the unknown frequency. 


Adjust the Channel A and B size controls for a con- 
venient, easy-to-read size of display. 


The resulting pattern, called a Lissajous pattern, 
shows the ratio between the two frequencies. See 
Fig. 23. 


Unknown frequency 
to Vertical Input, 
Standard frequency 


to Horizontal Input Ratio of unknown 


to standard 


-= (833) - 
= DON ` 


Note: Any one of these figures, depending 
upon phase reiationship 


Lissajous waveforms used for frequency 
measurement. 
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SPOT BLANKING 


When no signal is applied to the scope in X-Y opera- 
tion, there is no deflection and the display becomes a 
stationary spot. This could permanently burn the CRT 
screen if left at high intensity, such as between set-ups 
in a series of tests. 


In many cases, the spot can be automatically blanked 
in the absence of signal, or at least reduced in intensity 
to prevent burning the CRT screen. Conversely, the 
display is increased in intensity in the presence of signal. 
This technique uses the intensity modulation feature of 
the scope, whereby intensity is increased when a positive 
voltage is applied at the Z-AXIS INPUT jack. To use 
the spot blanking technique, simply tap off the horizontal 
input signal and apply it to the Z-AXIS INPUT jack 
too (Fig. 24). With the intensity adjusted just below the 
blanking level or for a very dim spot with no signal 
applied, any TTL signal or input signal with a positive 
swing of 5 volts or more should intensify the display to 
a usable level. Maximum Z-axis input is 50 volts dc + ac 
peak. 


If desired, a spot blanking adapter could be built 
to provide automatic spot blanking at even lower signal 
levels, or for signals with a negative voltage swing. 
Such an adapter would contain a threshold detector 
(preferably with variable threshold) and a voltage 
switching transistor. The input to the adapter would 
be a sample of the horizontal input to the scope, and 
the output would be a switched voltage to the Z-axis 
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input of the scope. A switched +9 volt output from a 
transistor battery would work well, or any convenient 
source of about +5 to + 30 volts could be switched. 


INTENSITY set 
to blanking threshold 
with no horizontal 


To Z-Axis Input 


Vertical 
Input EN 


Horizontal 
Input 
Coaxial 
Tee 


Fig. 24. Connections for spot blanking in X-Y 
operation. 


OTHER X-Y APPLICATIONS 


Other examples of X-Y applications are television 
alignment and vectorscope operation which are de- 
scribed in the VIDEO APPLICATIONS portion of this 
manual and FM receiver alignment procedure in the 
RADIO APPLICATIONS section of this manual. 
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VIDEO APPLICATIONS 


GENERAL 


A triggered sweep oscilloscope is advantageous in 
servicing and aligning video tape recorders, computer 
monitors, television receivers, and othe video equipment. 
The Model 1479B oscilloscope includes in addition, 
several features that were incorporated to make video 
product servicing easier and more comprehensive. These 
features include: 


* Automatic vertical or horizontal sync pulse selec- 
tion. The SWEEP TIME/CM control automa- 
tically selects vertical sync at sweep speeds appro- 
priate for viewing frames, and horizontal sync 
at sweep speeds appropriate for viewing lines. 


* Built in sync separator circuits for stable triggering 
on composite video signals, separates vertical and 
horizontal sync pulses. 


e Wide bandwidth with flat in-band response and 
gradual frequency roll-off for high resolution 
video and pulse presentation. This makes the os- 
cilloscope especially useful for verifying and ad- 
justing chroma, video, luminance and sync levels. 


* Vectorscope operation for observing color circuit 
operation. 


COMPOSITE VIDEO WAVEFORM ANALYSIS 


Probably the most important waveform in television 
and video servicing is the composite waveform consisting 
of the video signal, the blanking pedestals and the sync 
pulses. Fig. 25 shows typical oscilloscope traces when 
observing composite video signals synchronized with 
horizontal sync pulses and vertical sync pulses. Com- 
posite video signals can be observed at various stages 
of the television receiver to determine whether circuits 
are performing normally. Knowledge of waveform 
makeup, the appearance of a normal waveform, and 
the causes of various abnormal waveforms help the 
technician locate and correct many problems. The tech- 
nician should study such waveforms in a television re- 
ceiver known to be in good operating condition, noting 
the waveform at various points in the video amplifier. 


To set up the oscilloscope for viewing composite 
video waveforms, use the following procedure: 


1. Turn the video equipment to a local channel. A test 
tape or a color pattern generator also can be used 
for service work. 


The preferred signal for video tape recorders 
and most other video equipment is an NTSC color 
bar pattern, which is a precision video signal to the 
same standards used a by television networks and 
broadcasting stations. The B & K-Precision Model 
1250 NTSC Generator is recommended as a source 
of this signal, plus several other useful signals re- 
quired for testing, adjustment, and troubleshooting 
video equipment. 


2. Set the MODE switch to the CH B position. 


A. Horizontal Lines B. Vertical Fields 


|_| | i 
Horizontal Vertical 


Horizontal 
SHE Puise Blanking Pulse 


Vertical 
Sync Pulse Blanking Pulse 


104S/CM Horiz 
|| 2mS/CM Vert 


SLOPE — 


Television Set 


Set-up viewing horizontal lines and verti- 
cal fields of composite video signal. 


Fig. 25. 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 
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. Set the SWEEP TIME/CM switch to the 10 us/cm 


position for observing TV horizontal lines or to the 
2 ms/cm position for observing TV vertical frames. 


. Set the COUPLING switch to the AC position. 
. Setthe SOURCE switch to the CH B position. 
. Press the VIDEO button. 


. Best overall sync performance is obtained in the 


NORM triggering mode. The AUTO triggering mode 
may be selected initially to provide continuous 
sweep during set-up. 


. Setthe CH B AC-GND-DC switch to the AC position. 
. Connect the ground clip of the probe to the television 


set or video recorder chassis. With the probe set for 
10:1 attenuation, connect the tip of the probe to the 
video detector output. 


Set the CH B VOLTS/CM switch for the largest 
vertical deflection possible without going off-scale. 


If the sync and blanking pulses of the displayed 
video signals are positive, set the SLOPE switch to 
+, if the sync and blanking pulses are negative, set 
the SLOPE switch to - . 


Rotate the triggering LEVEL control to a position 
that provides a synchronized display. 


Adjust the sweep time VARIABLE control for two 
horizontal lines or two vertical frames of composite 
video display. 

If necessary, readjust the triggering LEVEL control 
to a position that provides a well-synchronized dis- 
play. 

Adjust the INTENSITY and FOCUS controls for 
the desired brightness and best focus. 


To view a specific portion of the waveform, such as 
the color burst, pull outward on the < > POSITION 
control for 5X magnification. Rotate the same con- 
trol left or right to select the desired portion of the 
waveform to be viewed. 


Composite video waveforms may be checked at 
other points in the video circuits by moving the 
probe tip to those points and changing the VOLTS/ 
CM control setting as required to keep the display 
within the limits of the scale, and by readjusting 
the triggering LEVEL control to maintain stabili- 
zation. The polarity of the observed waveform may 
be reversed when moving from one monitoring 
point to another; therefore, it may be necessary to 
switch from slope + to slope —, or vice versa. 


VITS (VERTICAL INTERVAL TEST SIGNAL) AND 
VIR (VERTICAL INTERVAL REFERENCE) 


Most network television signals contain built-in 
test signals (VIR and VITS) that can be very valuable 
tools in troubleshooting and servicing video equipment. 
The VITS can localized trouble to the antenna, tuner, IF 
or video sections and shows when realignment may be 
required. The VIR signal is being used in some television 
receivers for automatic color correction. 


The VITS and VIR signals are transmitted during 
the vertical blanking interval. On the television set, they 
can be seen as a bright white line above the top of the 
picture, when the vertical linearity or height is adjusted 
to view the vertical blanking interval. (On TV sets with 
internal retrace blanking circuits, the blanking circuit 
must be disabled to see these signals.) 


The transmitted VITS and VIR are precision se- 
quences of specific frequencies, amplitudes, and wave- 
shapes. The television networks use the precision signals 
for adjustment and checking of network transmission 
equipment, but the technician can use them to evaluate 
television set performance. The make-up of the VITS 
varies from one broadcast station to another. Figs. 26 
and 27 show typical VITS signals. The VITS normally 
contain a "multiburst" signal which typically begins 
with a "flag" of white video, followed by sine wave 
frequencies of 0.5 MHz, 1.5 MHz, 2 MHz, 3 MHz, 
3.6 MHz, (3.58 MHz) and 4.2 MHz. The multiburst 
may appear on line 17 or 18, and may be repeated on 
line 279 or 280. As seen on the television screen, field 
#1 is interlaced with field #2 so that line 17 is followed 
by line 279 and line 18 is followed by line 280. The 
VITS and VIR appear at the end of the vertical blank- 
ing interval and just before the first line of video. The 
VIR signal is transmitted on lines 19 of fields #1 and #2 
(line 19 of field #2 also is identified as frame line 281). 


The multiburst portion of the VITS is the portion 
that can be most valuable to the technician. All fre- 
quencies of the multiburst are transmitted at the same 
level. By examining the recovered video in the video 
equipment, the frequency response can be evaluated 
and used as a servicing aid. Other portions of the VITS, 
including the sine-squared pulse, window pulse and the 
staircase of 3.58 MHz bursts at progressively lighter 
shading, are valuable to the networks, but have less 
value to the technician. 


With dual-trace oscilloscope operation, the signal 
information on each vertical blanking interval can be 
viewed separately without trace overlapping, although 
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+0 


| PICTURE WHITE FLAG 
VIDEO | 


1 
\ 
I 
$ 
521 522 


WHITE FLAG ] 


FIELD #2 
WHITE 4 266 267 268 269 278 


BLACK 1 


EQUALIZING VERTICAL 
PULSES SYNC 


EQUALIZING 
PULSES 
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Fig. 26. Vertical blanking interval showing typical VITS and VIR information. 
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Fig. 27. Typical VITS and VIR signals, field 1 and 2. 
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att 


the information alternates with each field. Fig. 28 in- 
dicates the oscilloscope control setting for viewing the 
alternate vertical blanking intervals. 


1. The color television receiver on which the vertical 
interval information is to be viewed must be set to 
a station transmitting a color broadcast. 


2. The control settings of Fig. 28 are those required to 
obtain a 2-field vertical display on Channel A. 

3. With the oscilloscope and television receiver operat- 
ing, connect the Channel A probe (set at 10:1) to 
the video detector test point. 

4. If the sync and blanking pulses of the observed video 
signal are positive, use slope +. If the syne and 
blanking pulses are negative, use slope — . 

5. Adjust the sweep time VARIABLE control so that 
two vertical fields are displayed on the oscilloscope 
screen. 


6. Connect the Channel B probe (set to 10:1) to the 
video detector test point. 


Vertical 
Blanking 


Start with 
2mS/CM 
(see text) 


SLOPE - 


Start with CHA 
(see text) 


Picture 
Tube 


Fig. 28. Initial set-up for viewing fields 1 and 2 


VITS and VIR information. 


7. Set the MODE switch to the DUAL position. Identi- 
cal waveform displays should now be obtained on 
Channels A and B. 


8. Place the sweep time VARIABLE control in the CAL 
position. 


9. Set the SWEEP TIME/CM control to the .1 ms/cm 
position. This expands the display by increasing the 
sweep speed. The vertical interval information will 
appear toward the right hand portion of the ex- 
panded waveform displays. The waveform infor- 
mation on each trace may appear as shown in the 
drawings of Fig. 26. Because there is no provision 
for synchronizing the oscilloscope display to either 
of the two fields which comprise a complete vertical 
frame, it cannot be predicted which field display 
will appear on the Channel A or Channel B display. 


Pull 5X MAG control outward to obtain an ad- 
ditional 5X magnification. Rotate the control in a 
counterclockwise direction moving the traces to the 
left until the expanded information appears as shown 
in Fig. 27. 


NOTE 


Because of the low repetition rate and the high 
sweep speed combination, the brightness level of 


the signal displays will be reduced. 


10. Once the Channel A and Channel B displays have 
been identified as being either field #1 or field #2 
vertical interval information, the probe correspond- 
ing to the waveform display which is to used for sig- 
nal-tracing and troubleshooting can be used, and 
the remaining probe should be left at the video de- 
tector test point to insure that the sync signal is not 
interrupted. If the sync signal is interrupted, the 
waveform displays may reverse because, as pre- 
viously explained, there is no provision in the os- 
cilloscope to identify either of the two vertical fields 
which comprise a complete frame. 


TELEVISION ALIGNMENT 


Alignment of tuners, the video i-f strip, and chroma 
circuits in television receivers and VTRs requires an os- 
cilloscope, such as Model 1479B. The additional pieces 
of test equipment required are sweep generators for 
video sweep, i-f sweep and i-f sweep, marker generators, 
dc bias supplies and a VTVM. The sweep generator 
method of alignment displays a bandpass response curve 
on the screen of the oscilloscope of the type always shown 
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in theory books and in the television manufacturer’s 
alignment instructions (typical response curves as shown 
in Fig. 29). 


The ideal instruments for television alignment are 
this oscilloscope and the B & K-PRECISION Sweep/ 
Marker Generator. The B & K-PRECISION Sweep/ 
Marker Generator provides all necessary sweep ranges, 
markers and dc bias voltages, all from one instrument. 
The simplified operating procedures and calibrated ac- 
curacy of the instrument results in precision alignment. 
For complete alignment instructions of each particular 
television set, follow the manufacturer’s instructions. 


NOTE 


For a comprehensive analysis of television align- 
ment, we recommend the instruction manual for 
the B & K-PRECISION Model 415 Sweep/Marker 
Generator. This “handbook of television align- 
ment” includes not only the procedures for using 
the instrument, but all the how and why answers 
about television alignment in general. Even if you 
use other sweep generators, this comprehensive 


manual provides valuable procedures, insights 
and tips that will make alignment easier and more 
professional. The many illustrations and easy-to- 
understand step-by-step approach qualify it as the 
“how to align” textbook. Copies are available 
from your B & K-PRECISION distributor or the 
factory. 


VECTORSCOPE OPERATION 


Performance testing and adjustment of the color 
circuits in color television receivers is simplified by 
using the vectorscope operation of the oscilloscope. The 
additional equipment needed is a color bar generator. 
The B & K-PRECISION color bar generators are ideally 
suited for this. 


1. Connect the color bar generator to the television 
set and tune in the color bar pattern. 


2. Adjust the television set’s hue and brilliance controls 
to mid-range. 
3. Set up scope for X-Y operation. 


4. Connect probe cables to the CH A and CH B INPUT 
jacks. Channel A is the vertical input and Channel 
B is the horizontal input. Connect both probe tips 
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RESPONSE 
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Fig.29. TV response curves obtained by sweep- 


frequency techniques. 


to the driven element of the red gun, usually the 
grid. If the cathode is the driven element, then con- 
nect to the cathode. (The driven element is the ele- 
ment to which the output signal of the color ampli- 
fier is applied.) 
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6. Adjust the CH A (vertical gain) and CH B (horizon- 
tal gain) VOLTS/CM and VARIABLE controls to 
equal settings and to obtain a waveform amplitude 
that approximately fills the vector overlay with the 
compressed 45° pattern. 


7. For vector presentation, merely move the horizontal 
probe to the driven element of the blue gun. The 
color vector pattern is the same type as given by the 
television set manufacturer. Fig. 30 shows typical 
displays obtained for sets using 105° systems and 
90° systems with either grid drive or cathode drive. 


NOTE 


If the picture tube uses cathode drive, the burst 
will appear on the right side of the screen. Just 
rotate the vector overlay 180° so the BURST label 


is on the right side. The color bars will then align 
with the vector overlay. 


Grid Drive Cathode Drive 


1 
90° i 
in m 
Vector display for 90? picture tube 


Grid Drive Cathode Drive 


Generator 


Vector display for 105? picture tube 


TROUBLE 


Loss of color sync 


weak 
Lack of range of hue control 
vertical 
Demodulator out of alignment 


EFFECTS ON PATTERN 

Petals of pattern will rotate 
Overloading of color amplifiers Petals are crushed or flattened 
Color amplifiers unbalanced or Flower pattern very elliptical 


R-Y petal cannot be made to be 


The vector display provides a very quick measure- 
ment of the functions of the demodulators in a color TV 
set. The serviceman should familiarize himself with the 
effect of the pattern produced by the color controls. He 
should observe that the color amplitude control will 
vary the size of the petals but not their position. The 
hue control changes the position of the petals but not 
their amplitude. Lastly, 105° sets will have a more el- 
liptical pattern than 90° sets. The table in Fig. 30 lists 
some common troubles and their effect on the pattern. 


The vector display can be used to check the range 
of the color set’s hue control. It should be possible to 
rotate the R-Y petal about the vertical axis. At the center 
of the hue control the R-Y petal should be vertical. If 
it is not, locate the CHROMA reference oscillator. In 
most sets this oscillator is transformer-coupled to the 
demodulators. 


A slight touch-up of this transformer is all that is 
necessary to bring the R-Y petal to a vertical position. 


Color Bar E Chassis [Y — Bue | Picture Tube 


EFFECT ON T.V. PICTURE 


Varying colors 
Color distortion 
Color distortion 


Hue control won't adjust 
fleshtones 


Angle between R-Y petal and B-Y Wrong colors 


petal not to manufacturer's 
specification (90? or 105° 
General Specification) 


Fig. 30 — Vectorscope operation and patterns. 
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Do not attempt to make any adjustments on the chroma 
bandpass amplifiers. This amplifier is aligned by a sweep 
generator and cannot in general be aligned by just a 
vector display. 


If the set has adjusted demodulators, the vector 
display can also be used for demodulator alignment. 
Follow the manufacturer’s alignment procedure to lo- 
cate the proper coils and instead of counting bars simply 
adjust for the correct angle between R-Y and B-Y. 


A similar technique may be used with an NTSC 
color bar pattern input. The resultant display will be 
a series of dots at specific phase angles and amplitudes. 
A typical display is shown in Fig. 31. 


reference 


» A 
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ot NS 


Fig. 31. Typical vectorscope display of demodu- 


lated NTSC color bar pattern. 
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INTRODUCTION 


The Model 1479B oscilloscope is well-suited for 
testing, adjusting, and servicing 27 MHz Citizens Band 
transcievers. Its 30 MHz bandwidth allows calibrated 
voltage readings in all circuits, and accurate time meas- 
urement in switching circuits. The 10 megohms im- 
pedance of the probe should not affect circuit operation 
except in highly sensitive circuits. 

This oscilloscope is also excellent for servicing two- 
way communications transceivers, receivers and trans- 
mitters. For radios that operate on carrier frequencies 
up to at least 50 MHz, the oscilloscope is capable of di- 
rect measurements, although voltage readings are un- 
calibrated. Signals below 50 MHz can be measured with- 
out using a demodulator probe. Most of the checks and 
measurements described for CB transceivers are appli- 
cable to other types of communications equipment. 


For observing amplitude modulated signals above 
about 3 MHz, the AM DET position of the SOURCE 
switch will help provide a stable, jitter free presentation. 


0% Modulation 


50% Modulation 


B | 
100% Modulation O00 


Overmodulation WAM 


Modulation = B — i 


Fig. 32. Typical test set-up for AM modulation check. 


In this position, the modulation envelope is detected 
and used as the sync trigger. It is not necessary to use 
external triggering with a separate probe to the audio 
modulation source, or a demodulator probe. Display 
the signal on Channel A when using AM DET triggering. 


TRANSMITTER MODULATION 


The most reliable method of checking transmitter 
modulation is with an oscilloscope. Fig. 32 shows the 
typical method of measurement and interpretation of 
the modulation envelope for AM CB transmitters. Most 
transceivers include some type of protection against over- 
modulation, which has no effect until modulation ex- 
ceeds at least 75%, then progressively compresses any 
increase in audio amplitude. The effectiveness of this 
compression-type circuit and the degree of resultant 
distortion can be measured on the oscilloscope. 


Fig. 33 shows how to check SSB modulation. Apply 
two simultaneous, equal-amplitude audio signals for 
modulation, such as 500 Hz and 2400 Hz. The audio 


Probe to Transmitter 


Output 
Microphone Antenna 
Jack P / Jack 
Audio Dumm 
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Fig. 33. Typical test set-up for SSB modulation check. 


signals must be free from distortion, noise and transients. 
The two audio signals should not have a direct harmonic 
relationship such as 500 Hz and 1500 Hz. The modula- 
tion envelope resembles the 100% AM modulation 
envelope, except the amplitude of the entire waveform 
varies with the strength of the audio signal. When peak 
SSB power output is reached, the modulation envelope 
“flat tops,” that is, the instantaneous RF peaks reach 
saturation, even with less than peak audio signal ap- 
plied. This over-modulated condition results in distortion. 
tortion. 


The audio modulating signal should be used as the 
sync trigger to obtain a synchronized display. This can 
be obtained by selecting the AM DET position. 


FM RECEIVER ALIGNMENT 
Refer to Fig. 34 


1. Connect a sweep generator to the mixer input of 
the FM receiver. Set the sweep generator for a 10.7 
MHz centered sweep. 


Audio 
Generator 


Audio 
Generator 


2. 
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Probe to Transmitter 
Output 


Microphone 


Jack b 
SSB 
( Transmitter 


Equal Amplitude from 
Both Audio Generators 
(Measure with scope) 


Antenna 
Jack 


Connect the sweep voltage output of the sweep 
generator to the Channel B input jack of the oscil- 
loscope and set the oscilloscope controls for external 
horizontal sweep (SWEEP TIME/CM to CH B). 


. Connect the vertical input probe to the demodulator 


input of the FM receiver. 


. Adjust the oscilloscope vertical and horizontal gain 


controls for display similar to that shown in Fig. 34A. 


. Set the marker generator precisely to 10.7 MHz. The 


marker "pip" should be in the center of the band- 
pass. 


. Align the IF amplifiers according to the manu- 


facturer's specifications. 


. Move the probe to the demodulator output. The 


"S" curve should be displayed, and the 10.7 MHz 
"pip" should appear exactly in the center (see Fig. 
34B). Adjust the demodulator according to the 
manufacturer's instructions so the marker moves 
equal distances from center as the marker frequency 
is increased and decreased equal amounts from the 
10.7 MHz center frequency. 
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Sweep 
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Generator 


Marker RF 


Input Out Voltage 


FM Receiver 


Fig. 34. Typical FM receiver alignment set-up. 


OTHER RADIO MEASUREMENTS 


Some of the additional applications for this oscillo- 
scope in transceivers follow: 


Transmitter carrier signal analysis. 


RF and i-f gain measurements (dual-trace dis- 
play preferred). 


Audio distortion measurements (dual-trace dis- 
play preferred). 


Audio frequency response check. 


Modulation limiting attack time check (dual- 
trace display preferred). 


Vertical Horizontal 
Size Size 


Direct 


Demodulator 


Bandpass filter, notch filter, low-pass or high- 
pass filter frequency response check, including 
SSB suppressed carrier filter (sweep generator 
method preferred). 


Synthesizer circuit analysis and troubleshooting. 
Dual-trace display preferred for digital phase- 
locked-loop (PLL) type synthesizer. 


Noise blanker circuit analysis and troubleshooting. 
Signal attenuation measurements. 
Isolating sources of noise, ripple, or transients. 


Signal tracing. 
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SQUARE WAVE TESTING OF AMPLIFIERS 


A square wave generator and a low-distortion oscil- 
loscope, such as this instrument, can be used to display 
various types of distortion present in electronic circuits. 
A square wave of a given frequency contains a large 
number of odd harmonics of that frequency. If a 500 Hz 
square wave is injected into a circuit, frequency com- 
ponents of 1.5 kHz, 2.5 kHz, 3.5 kHz, also are provided. 
Since vacuum tubes and transistors are non-linear, it is 
difficult to amplify and reproduce a square wave which 
is identical to the input signal. Interelectrode capaci- 
tances, junction capacitances, stray capacitances as 
well as limited device and transformer response are a 
few of the factors which prevent faithful reproduction 
of a square wave signal. A well-designed amplifier 
can minimize the distortion caused by these limitations. 
Poorly designed or defective amplifiers can introduce 
distortion to the point where their performance is un- 
satisfactory. 


As stated before, a square wave contains a large 
number of odd harmonics. By injecting a 500 Hz sine 
wave into an amplifier, we can evaluate amplifier re- 
sponse at 500 Hz only, but by injecting a square wave 
of the same frequency we can determine how the ampli- 
fier would respond to input signals from 500 Hz up to 
the 15th or 21st harmonic. 


The need for square wave evaluation becomes ap- 
parent if we realize that some audio amplifiers will be 
required during normal use to pass simultaneously a 
large number of different frequencies. With a square 
wave, we have a controlled signal with which we can 
evaluate the input and output quality of a signal of many 
frequencies (harmonics of the square wave) which is 
what the amplifier sees when amplifying complex wave- 
forms of musical instruments or voices. 


The square wave output of the signal generator 
must be extremely flat so that it does not contribute to 
any distortion that may be observed when evaluating 
amplifier response. The oscilloscope vertical input 
should be set to DC as it will introduce the least distor- 
tion, especially at low frequencies. When checking 
amplifier response, the frequency of the square wave 
input should be varied from the low end of the amplifier 
bandpass up toward the upper end of the bandpass; 
however, because of the harmonic content of the square 
wave, distortion will occur before the upper end of the 
amplifier bandpass is reached. 


It should be noted that the actual response check 
of an amplifier should be made using a sine wave signal. 
This is especially important in limited bandwidth am- 
plifiers (voice amplifiers). The square wave signal pro- 
vides a quick check of amplifier performance and will 
give an estimate of overall amplifier quality. The 
square wave also will reveal some deficiencies not 
readily apparent when using a sine wave signal. Whether 
a sine wave or square wave is used for testing the am- 
plifier, it is important that the manufacturer's specifi- 
cations on the amplifier be known in order to make a 
better judgment of its performance. 


The test set-up of Fig. 35 is used. Note that a cable 
terminating resistor is used at the amplifier input to 
eliminate ringing caused by input mismatch. The 
quality of the input waveform can be monitored with 


Adjust sweep 
speed for 
1 cycle display 


gain for convenient 
viewing height 


Square Wave 
Generator 


Amplifier 
Circuit 
Being Testing 


Fig. 35. Equipment set-up for square-wave test- 
ing of amplifiers. 
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the oscilloscope. Fig. 36 illustrates the possible response 
waveforms obtained and an evaluation of each. 


Frequency distortion (amplitude| Low frequency boost High frequency loss, No 
reduction of low frequency {accentuated fundamental). phase shift. 
component). No phase shift. 


by A 


Low frequency phase shift Low frequency loss and High frequency loss and low 
phase shift, frequency phase shift. 


L L 


High frequency loss and " Low frequency phase shift 
phase shift. (trace thickened by hum- 
voltage). 


Fig. 36 Summary of waveform analysis for square- 
wave testing of amplifiers. 
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CIRCUIT DESCRIPTION 


The block diagram, Fig. 37, outlines the circuit 
breakdown of the oscilloscope. Circuit details are ob- 
tained by reference to the schematic diagram. 


GENERAL 


The vertical section includes identical networks for 
Channel A and Channel B, each containing an input 
attenuator network and preamplifier. The outputs of 
the preamplifiers can be gated to the delay line driver 
by the vertical switching matrix. The vertical switching 
matrix, through the MODE switch and vertical mode 
logic, gates only the Channel A signal in CH A mode 
and X-Y operation, only the Channel B signal in CH B 
mode, alternately gates each in DUAL mode, or simul- 
taneously gates both in ADD mode. 


The delay line driver feeds into the delay line, which 
delays the vertical preamplifier signals approximately 
160 nanoseconds before they reach the vertical output 
amplifier. The vertical output amplifier drives the verti- 
cal deflection plates of the CRT. 


Horizontal deflection is provided by the horizontal 
preamplifier and horizontal output amplifier. In all 
except X-Y operation, input to the horizontal preampli- 
fier is furnished by calibrated sweep speed circuits 
consisting of the sweep control circuit, Miller integrator, 
and hold-off timer. The sweep can be synchronized 
to the Channel A or B input signal or an external trigger. 
The auto sweep circuit can start the sweep in the absence 
of a synchronizing trigger. When X-Y operation is se- 
lected, the Channel B signal is coupled to the horizontal 
preamplifier for horizontal deflection and the sweep 
circuits are disabled. 


The power supply voltages are fully regulated, and 
a dc-to-dc converter provides a regulated 4kV accele- 
rating potential to the CRT. 


VERTICAL PREAMPLIFIERS 


Channel A and Channel B preamplifiers contain 
identical circuitry and circuit operation is the same for 
both. Channel A is described below. 


The vertical input attenuator, S103, has two sections. 
The first provides ratios of 1:1, 10:1, 100:1, and 1000:1. 
The second section provides ratios of 1:1, 2:1, and 5:1. 


Together, the two sections give an attenuation sequence 
of 1-2-5, with the appropriate exponent. 


After first attenuation section, FET's Q102a and 
Q102b form a high-impedance input stage of the vertical 
preamp. This balanced configuration provides com- 
pensation for thermal drift and power supply voltage 
fluctuations. Q101 and D122 are used for negative over- 
voltage protection. Positive over-voltage is clamped by 
Q102a. 


Op-amp IC101 feeds the second attenuation section. 
Q103 thru Q106, Q109 and Q110 further amplify the 
vertical signal before it reaches the delay line driver, 
transistors Q123 to Q126. Trigger amplifier Q107 and 
Q108 amplify the signal from the emitters of Q105 and 
Q106 to provide a signal to the sweep trigger circuits. 


The only difference between the CH A and CH B 
preamplifiers is that the CH B polarity switch, S105, 
reverses the polarity of the CH B signal when in the INV 
position. This is accomplished by switching on either 
transistor pair Q119/0122, or Q120/Q121. 


DELAY LINE 


The delay line is a length of cable which delays the 
vertical signal from the delay line driver for approxi- 
mately 160 nanoseconds before it reaches the input 
stage of the main vertical amplifier. The purpose of this 
delay is to enable the sweep to be triggered before 
vertical deflection begins, which allows one to see the 
leading portion of very fast rise-time signals. 


VERTICAL OUTPUT AMPLIFIER 


The output of the delay line feeds into the vertical 
output amplifier. Q401 and Q402 form a differential 
amplifier which goes to another differential stage Q403 
and Q404. These connect to emitter followers Q405 and 
Q406, which drive cascode amplifiers Q408, Q410, and 
Q409, Q411. Negative feedback from the cascode am- 
plifiers goes via inverters Q414 and Q415 to the bases 
of Q405 and Q406. Q412, Q418, and Q413, Q419 com- 
prise current sources for the cascode amplifiers. Emitter 
followers Q416 and Q417 help drive the current-source 
transistors, Q418 and Q419, when extra current is re- 
quired for fast signals. 
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Fig. 37. Model 1479B oscilloscope block diagram. 
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CIRCUIT DESCRIPTION 
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MODE LOGIC 


The mode of operation (CH A, CH B, DUAL, ADD), 
$106, is controlled by IC103, IC104, and diodes D101- 
D108. When CH A is selected, the IC104 Q output is 
high and the Q low, which reverse biases D101 and 
D104, allowing the CH A signal into the delay line 
driver. D107 and D108 are forward-biased, preventing 
the CH B signal from reaching the delay line driver. 
For CH B mode, the reverse is true. 


For DUAL mode, both channels are displayed as 
follows: Below a sweep speed of 0.5 ms/cm, the IC104 
output switches at a 200 kHz rate. This chops the view- 
able trace into 5-microsecond segments which are alter- 
nately switched between Channel A and Channel B to 
provide dual trace. The chopping signal (clock pulse) 
that switches IC 104 comes from an oscillator formed by 
gates IC4A and IC4B, and coupled through IC4C. For 
sweep speeds greater than or equal to 0.5 ms/cm, the 
IC 104 output switches state after every sweep, therefore 
alternating the A and B vertical signals for dislay. Thus, 
Channel A is viewed during one sweep, and Channel B is 
viewed during the next. The clock pulse to IC104 comes 
from IC4C. 


When ADD mode is selected, the signals from both 
channels are added algebraically and then applied to 
the delay line driver. In this mode both the Q and Q 
outputs of IC104 must be high, which is done by setting 
both the set and reset lines of IC104 low. 


TRIGGER CIRCUIT 


The Channel A signal is amplified by trigger ampli- 
fier Q107 and Q108 and is available at Q127 as a trigger 
source. Similarly, the Channel B signal is amplified 
by trigger amplifier Q117 and Q118 and is also avail- 
able at Q127 as a trigger source. Mode logic IC103 
determines which signal shall be selected as the trigger. 
In the CH A mode, diodes D117 and D120 are reverse 
biased which allows the signal from Channel A to reach 
Q127. Diodes D116 and D121 are forward biased and 
prevent the Channel B signal from reaching Q127. In 
the CH B mode, the opposite is true. In the DUAL and 
ADD modes, an additional input to IC103 from one 
section of the SOURCE switch selects the Channel B 
signal if the SOURCE switch is set to CH B, but other- 
wise selects CH A. 


The output of Q127 reaches the trigger coupling 
section via amplifiers Q24 and Q23. The SOURCE 
switch selects this signal in the CH A or CH B positions, 
an input from the EXT TRIG jack in the EXT position, 


or a rectified and filtered modulation envelope of the 
Channel A or B signal in the AM DET position. This 
signal is routed to FET amplifier Q13 through the 
COUPLING switch. The signal is direct coupled in the 
DC position, or capacitively coupled in the AC position. 
The signal is capacitively coupled through a low pass 
or high pass filter in the HF REJ or LF REJ positions 
respectively. 


If the FIX-NORM switch is in the NORM position, 
the output of Q13 is de-coupled to emitter follower 
Q14, which drives one input (pin 2) of op-amp IC5. 
The triggering LEVEL control sets a dc reference level 
into the other input of IC5 (pin 1) via Q15. IC5 acts as 
a high-gain differential amplifier or Schmitt trigger. 
When the signal on pin 2 exceeds the dc level on pin 1, 
the output changes states resulting in a sharp trigger. 
A trigger of the opposite polarity is developed when 
the pin 2 level again drops below the pin 1 reference 
level. 


When the FIX-NORM switch is in the FIX position, 
the output of Q13 is capacitively coupled via Q14 to 
IC5, pin 2. The dc reference from the LEVEL control 
is disconnected and replaced by a dc voltage at the aver- 
age of the sync trigger input, which is derived by de- 
tecting and filtering the signal in the input of Q15. This 
establishes the threshold reference for IC5 at the center 
of the waveform being used for triggering. 


Both polarities of the IC5 output are applied to the 
normal sync gates through Q16 and Q17. SLOPE switch 
S5 enables normal sync gate IC6B in the + position, 
allowing the Q16 signal to be gated through IC6C, 
IC7D, and IC7C. In the — position, IC6D is enabled 
to allow the Q17 signal to be gated through IC6C, IC7D, 
and IC7C. 


When the VIDEO-NORM switch is in the VIDEO 
position, IC7 inhibits the normal sync signals and allows 
the video sync circuits (Q18 thru Q22) to supply the 
sweep trigger. The SLOPE switch selects the + or — 
polarity output of IC5 as the input to Q18, Q19, and 
Q20. At sweep times of 0.5 s to.1 ms/cm, Q22 and Q21 
are turned on, which connects capacitor C58 into the 
coupling circuit between Q19 and Q20. This capacitor 
shunts the short-duration horizontal sync pulses and 
allows the longer-duration vertical sync pulses to reach 
Q20. These slower sweep times are used for viewing 
vertical frames or fields of video. At sweep times of 
50 us to .2 us/cm, Q21 and Q22 are turned off and C58 
is disconnected. This allows the horizontal sync pulses 
to reach Q20. These faster sweep times are used for 
viewing horizontal lines of video. 
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The trigger pulse output of IC7C is coupled through 
inverters IC1D and ICIC to the clock input of sweep 
control multivibrator IC2. This signal synchronizes 
the sweep to the waveform being used as the trigger 
source. In the absence of triggering, no sweep is normal- 
ly developed. However, if PULL AUTO switch S4 is 
closed, Q7 is enabled and IC2 will free run in the ab- 
sence of trigger signal. Transistors Q4, Q5, and Q6 de- 
tect the presence of trigger signal and inhibit Q7 when 
a trigger signal is present. 


HORIZONTAL SWEEP 


When a trigger pulse is received at the clock input 
or the reset input of IC2, the Q output (pin 8) goes low. 
This allows the horizontal ramp integrator to begin the 
sweep. The integrator consists of Q11, Q12 and the pre- 
cision sweep timing resistors and capacitors. The sweep 
speed is determined by the RC time constant of the tim- 
ing resistors and capacitors set by the SWEEP TIME/ 
CM control, S2. 


The output of the integrator, a decreasing linear 
ramp, is fed through transistors Q9 and Q10, and then 
to the horizontal amplifier section, Q24-Q32, which 
drives the horizontal deflection plates. Another output 
of the sweep integrator, giving an increasing linear 
ramp, is fed to the threshold input of sweep holdoff 
timer IC3 (pin 6). When the decreasing ramp voltage 
has swept the scope trace to the right-hand limit of 
the sweep cycle on the CRT, the corresponding in- 
creasing ramp voltage reaches the threshold setting of 
IC3. This causes the output of IC3 (pin 3) to go low, 
which sets the Q output of the sweep control flip-flop, 
IC2, high. A high at the Q output turns on transistor 
Q8, which discharges the integrating capacitor and re- 
sets the sweep back to the left-hand sweep limit. Simul- 
taneously with the Q output going high, the Q output 
of IC2 goes low, which sends a high out of the blanking 
control gate (IC4 pin 11). This turns the trace intensity 
down, so you cannot see it being reset to the left side of 
the CRT. 


The sweep holdoff time delay capacitor connected 
to IC3 pin 2 is discharging through R25 into IC3 pin 7, 
which went low when threshold was reached at IC3 
pin 6. When the holdoff time delay cap has discharged 
to less than 1.6 volts, the timer output, IC3 pin 3, is 
triggered high. This arms IC2 for the next trigger pulse, 
coming either from the clock line input (pin 12) or from 
the reset input when Q6 of the AUTO TRIGGERING 
circuit is turned on. Along with pin 3, pin 7 of IC3 also 
goes high and allows the holdoff time delay capacitor 
to charge up again. The length of the sweep holdoff 


is determined by the capacitor tied to IC3 pin 2, and 
the optimum value for each sweep speed is automatically 
set by the SWEEP TIME/CM control. 


During X-Y operation, set by the SWEEP TIME/ 
CM switch, the CH B trigger amplifier output is fed to 
the horizontal amplifier via Q26 and Q28. In this mode, 
the CH B signal controls the horizontal position of the 
CRT trace. 


BLANKING AND INTENSITY CONTROL 


The dc voltage on the intensity grid (pin 4 of the 
CRT) sets the intensity of the oscilloscope trace. A square 
wave signal is pulled off the secondary of the high- 
voltage oscillator transformer T301 and amplified by 
Q302. The peak-to-peak limits of this square wave are 
determined by D306, D307, D309, and the intensity 
and blanking control circuitry Q303, Q304, Q305, and 
Q313. The square wave is ac-coupled into peak detector 
diodes D304 and D305. The negative peak of the square 
wave sets the dc voltage on the intensity grid. The more 
negative this voltage goes, the less the intensity. In- 
tensity Adj., VR302, sets the maximum intensity of the 
trace. The front panel INTENSITY control VR201 ad- 
justs the trace intensity during normal operation by 
controlling Q303. 


The blanking pulse, which turns the trace intensity 
down during its return to the left-hand side of the 
CRT after each sweep, and which keeps the trace off 
prior to the beginning of a sweep, is generated by sweep 
control flip-flop IC2 and routed through blanking gates 
IC4C and IC4D. Blanking pulses during the chopping 
mode of dual-trace operation also come from blanking 
gates IC4C and IC4D, which are driven by dual-trace 
chopping oscillator IC4A and IC4B. 


Intensity modulation, or the Z-axis signal, is provided 
by Q306, which dc-couples the Z-axis input jack to 
the intensity control circuit. 


POWER SUPPLIES 


+ 15 Volt Supply 


One output of the 14-volt secondary of the power 
transformer is rectified by diode bridge D319 to be- 
come unregulated + 15 volts. This is also the source for 
the + 10 volt, +5 volt, and high voltage supplies. 


+ 10 Volt Supply 


The unregulated +15 volt supply is regulated to 
+ 10 volts by Q308, Q315, and Q316. 
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+5 Volt Supply 

The regulated + 10 volt output is regulated to +5 
volts by Q307 and Q314. 
— 8 Volt Supply 


The other output of the 14-volt secondary of the 
power transformer is also rectified by diode bridge 
D319 and regulated to — 8 volts by IC301A and Q309. 


+120 Volt and + 107 Volt Supplies 


The 120-volt secondary of the power transformer 
is rectified by diode bridge D320 and regulated by 
IC301B and Q310 to +120 volts. Zener diode D318 


drops part of the power supply output to a regulated 
+ 107 volts. 


High Voltage Supply 


The +15 volt supply drives a dc-to-dc converter 
consisting of Q301, Q311, Q312, and T301. Trans- 
former T301 and driver Q301 form an oscillator. Regu- 
lation is achieved by feedback transistors Q302, Q311 
and Q312. The secondary voltage of T301 is rectified 
and filtered as + 4 kV for the anode of the CRT, - 1.3 kV 
for the cathode, and high voltage for the focus grid. The 
filaments of the CRT are driven by a secondary of 
T301, floated at cathode potential. 
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WARNING 


1. The following instructions are for use by quali- 
fied personnel only. To avoid electric shock, 
do not perform servicing other than contained 
in the operating instructions unless you are 
qualified to do so. 


. High voltage up to 4000 volts dc is present 
when the oscilloscope is operating. Line volt- 
age (120 or 240 VAC) is present on the power 


transformer, on-off switch, fuse holder, and line 
voltage selector assembly any time the oscillo- 
scope is connected to an ac power source, even 
if turned off. Always observe caution when the 
housing is removed from the unit. Contacting 
exposed high voltage could result in fatal elec- 
tric shock. 


REMOVING THE CASE 


The case is removed in two sections as shown in Fig. 
38. The top section can be lifted off after removing 
seven Phillips-head screws from the top and sides of the 
case. The bottom section can be lifted off after remov- 
ing four Phillips-head screws from the bottom of the 
case. 


120/240 VOLT CONVERSION 


This oscilloscope may be operated from either a 120 
or 240 VAC, 50/60 Hz power source. Use the following 
procedure to change from 120- to 240-volt operation 
or vice versa: 


1. Remove top section of case. 


2. Remove voltage selector plug P5, which is located 
on the time base board as shown in Fig, 39. 


3. Rotate plug P5 180° and reinsert it. 


4. Replace fuse F1 with a fuse of appropriate value; 
0.7 amp for 120 VAC operation, 0.3 amp for 240 
VAC operation. 


The power transformer may also be wired for opera- 
tion from a 100 VAC or 220 VAC power source. Refer 
to the schematic diagram and make corresponding wir- 
ing changes at connector P3, which is located adjacent 
to voltage selector plug P5. 


Lg 


Lift up 


Fig. 38. Removing the case. 


FUSE REPLACEMENT 


Fuse F1 is in series with the primary of the power 
transformer. If this fuse blows, the pilot light will go 
out and the oscilloscope will not operate. The fuse 
should not normally open unless a problem has developed 
in the unit. Try to determine and correct the cause of 
the blown fuse, then replace only with a fast blow fuse of 
the proper current rating; 0.7 amp for 120 VAC opera- 
tion or 0.3 amp for 240 VAC operation. The fuse is lo- 
cated on the rear panel. 


Fuse F301 is in series with the input to the dc-dc 
converter. If this fuse blows, the pilot light will operate 
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Fig. 39. AC line voltage selection. 


but no trace will be obtainable because there is no high 
voltage to the CRT. Again, the fuse should not normally 
open unless a problem has developed. Try to locate 
and correct the cause of the blown fuse, then replace 
only with a fuse of the correct current and voltage rat- 
ing. Fuse F301 is located on the power supply board as 
shown in Fig. 43. 


BASIC TROUBLESHOOTING CHECKLIST 


Be sure to make the following checks before assum- 
ing there is a defective component, etc. 


1. Pilot light does not glow. CHECK: 
a. Isscope plugged into “live” outlet? 
b. Is POWER switch on? 
c. Is fuse okay? 


2. Pilot light glows, but no trace is obtainable. CHECK: 

A. Is INTENSITY control turned up? 

b. Is SWEEP TIME/CM switch set to other than 
CHB position? 

c. Is sweep triggered? Try centering TRIGGERING 
LEVELcontrol, or pull to the PULL AUTO 
position. 

d. Are POSITION controls centered? The trace 
may be deflected entirely off the viewing area 
of the screen. 

e. Isinternal fuse F301 okay? 


MAINTENANCE AND CALIBRATION 


3. Trace is obtained, but no waveform display is pre- 
sented. CHECK: 


a. Is probe connected? Is probe defective? Try an 
alternate probe or cable. 

b. Is AC- GND-DC switch set the GND? Is probe 
switch set to GND? Try other positions. 

c. Does MODE switch correspond to INPUT chan- 
nel? (Is probe connected to Channel A while 
mode switch is in CH B position?) 

d. Is vertical attenuation (VOLTS/CM control) 
set too high or too low? Try other settings. 

e. Is SWEEP TIME/CM set too high? (if only a 
portion of a cycle of square wave or pulse wave- 
form is visible, it appears as a trace) 


4. Waveform display cannot be synchronized. 
Review OPERATING INSTRUCTIONS thoroughly 
and attempt various control settings that should 
produce synchronized display. 


If the above steps do not correct the problem, the 
unit may be returned for service as instructed under 
WARRANTY SERVICE INSTRUCTIONS in this 
manual. 


PERIODIC ADJUSTMENTS 


The following operator adjustments only need to be 
checked and adjusted occasionally. The TRACE 
ROTATION and ASTIG controls are accessible from the 
front panel and are adjustable with a flat blade screw- 
driver. The dc balance adjustments are accessible from 
the sides of the oscilloscope without removing the bottom 
case and are adjustable with a very small flat blade screw- 
driver. The locations of these adjustments are shown in 
Fig. 2. 


Trace Rotation 


1. Set oscilloscope controls to produce a horizontal trace 
with no input signal (PULL AUTO position of 
triggering LEVEL switch). 


2. Use POSITION controls are required to position the 
trace along a horizontal line of the graticule scale. 


3. Adjust TRACE ROTATION so trace is parallel with 
the reference line on the graticule scale. 
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Astigmatism 
1. Set SWEEP TIME/CM switch to CH B position and 
Channel A and Channel B AC-GND-DC switches 
to GND position. This will produce a spot on the 
screen. 


2. With INTENSITY control set about mid-range, ad- 
just both the ASTIG and FOCUS controls for the 
sharpest, roundest spot. Do not readjust ASTIG con- 
trol after this step. 


CAUTION 


Never allow a small spot of high brilliance to re- 
main stationary on the screen for more than a few 


seconds. The screen may be permanently burned. 


DC Balance 


1. Set scope controls for a single horizonal trace on 
Channel A with the Channel A AC-GND-DC switch 
set to GND position. 


2. Rotate the Channel A VARIABLE control from 
maximum clockwise to maximum counterclockwise, 
while observing the trace. 


3. If the trace moves vertically, adjust VR101 (VARI. 
ATT. BAL.) for minimum or zero movement when 
performing step 2. 


4. Rotate Channel A VOLTS/CM switch through the 
5 mV, 10 mV, and 20 mV positions while observing 
the trace. 


5. If the trace moves vertically, adjust VR103 (STEP 
ATT. BAL.) for minimum or zero vertical move- 
ment when performing step 4. 


6. Repeat the entire procedure for Channel B, adjust- 
ing VR106 for VARIABLE balance and VR108 for 
VOLTS/CM step balance. 


Probe Compensation 


Probe compensation adjustment matches the probe 
to the input of the scope. For best results, compensation 
of both probes should be adjusted initially, then the 
same probe always used with Channel A and Channel 
B respectively. Probe compensation should be readjusted 
whenever a probe from a different oscilloscope is used, 
or the Channel A and B probes are interchanged. 


1. Connect probes to both INPUT jacks. Connect 
ground clip of probes to oscilloscope ground termi- 
nal and touch tips of both probes to CAL 1 kHz JL 
0.5 V p-p terminal. 


2. Select single trace operation of Channel A, then 
Channel B, for steps 3 and 4. 


3. Set oscilloscope controls to display 3 or 4 cycles of 
CAL square wave at 5 or 6 cm amplitude. 


4. Adjust compensation trimmer on probe for optimum 
square wave waveshape (minimum overshoot, 
rounding off, and tilt). 


CALIBRATION CHECK 


A general check of calibration accuracy may be 
made by displaying the output of the CAL 1 kHz ML 0.5 
V p-p terminal on the screen. This test signal has been 
factory adjusted to provide a square wave of 0.5 volt 
peak-to-peak amplitude and 1 millisecond time duration 
per cycle. 


At .1 V/cm this should produce 5 divisions of verti- 
cal deflection on Channel A or Channel B, or 5 divisions 
of horizontal deflection in X-Y operation when the 
VARIABLE controls are set to CAL. The 10 mV/cm 
range may be used to check the 10:1 attenuation of 
the probe; 5 division of deflection should result. 


With a .1 ms/cm sweep time and VARIABLE set 
to CAL, one cycle of the waveform should occupy 10 
divisions. At 1 ms/cm sweep time, 10 cycles should span 
the 10 divisions, while 2 cycles should cover the 10 divi- 
sions using 5X magnification. 


CALIBRATION ADJUSTMENTS 


The calibration adjustments outlined here are those 
which can be performed without specialized test equip- 
ment. Additional adjustments should not be attempted 
without complete service information and specified test 
equipment. Requests for complete service information 
for this oscilloscope should be addressed to: 


Service Department 
B & K-Precision Test Equipment 
DYNASCAN CORPORATION 
6460 West Cortland Street 
Chicago, Illinois 60635 


Internal adjustments outlined in the calibration 
procedure can be located by reference to Fig. 40 through 
43. 


+ 107 Volt Adjustment 


1. Connect a dc voltmeter to measure the voltage 
at P306, pin 8 with respect to the chassis. 


2. Adjust VR304 for + 107 volt reading on the volt- 
meter. 
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Blanking Voltage Adjustment 


1. Pull the PULL AUTO knob to display a trace. 
2. Adjust VR302 so that the trace disappears when 


the INTENSITY control setting is reduced to the 9 
to 11 o'clock position. 


Vertical Centering Adjustment 


l. 


Select CH A mode. Pull the PULL AUTO knob to 
display a trace. 


Short circuit P401, pins 2 and 3. 


3. Adjust VR402 to center trace vertically, and remove 


Fig. 40. 


short circuit. 


. Set CH A and CH B POSITION controls to their 


mechanical centers. 
Adjust VR105 to center Channel A trace vertically. 


Select CH A mode. Adjust VR112 to center Channel 
B trace vertically. 


e-4 r= 
tod t=- 


VR106 VR108 
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O 16103 


O 10113 


Q vri05 


FOIL SIDE VIEW 
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Sweep Length Adjustment 


. Pull the PULL AUTO knob to display a trace. 
. Adjust the < > POSITION control so that the trace 


starts at the left edge of the graticule scale. 


. Adjust VR6 so that the trace length slightly exceeds 


10 divisions. 


Horizontal Centering Adjustment 


UR 


Set the «4 » POSITION control to its mechanical 
center position. 


2. Pull the PULL AUTO knob to displav a trace. 


Calibration locations, vertical pre-amplifier board. 


. Adjust VR17 so that the trace begins at the left edge 


of the graticule scale. 


. Next, set the SWEEP TIME/CM switch to the CH B 


position to select X-Y operation. The trace will dis- 
appear and a spot will appear. 


. Adjust VR14 to center the spot horizontally. 


TC101-CH A 1/10 RANGE SQUARE WAVE ADJ. 
TC102-CH A 1/10 RANGE INPUT CAPACITY ADJ. 
TC103-CH A 1/100 RANGE SQUARE WAVE ADJ. 
TC104-CH A 1/100 RANGE INPUT CAPACITY ADJ. 
TC105-CH A 1/1000 RANGE SQUARE WAVE ADJ. 
TC106-CH B 1/10 RANGE SQUARE WAVE ADJ. 
TC107-CH B 1/10 RANGE INPUT CAPACITY ADJ. 
TC108-CH B 1/100 RANGE SQUARE WAVE ADJ. 
TC109-CH B 1/100 RANGE INPUT CAPACITY ADJ. 
TC110-CH B 1/1000 RANGE SQUARE WAVE ADJ. 
TC111-CH A 1/1000 RANGE INPUT CAPACITY ADJ. 
TC112-CH B 1/1000 RANGE INPUT CAPACITY ADJ. 
TC113-CH A HIGH FREQUENCY RESPONSE ADJ. 
VR101-CH A VARI. ATT DC BAL 

VR103-CH A STEP ATT DC BAL 

VR105-CH A DISPLAY CENTER ADJ. 

VR106-CH B VARI. ATT DC BAL 

VR108-CH B STEP ATT DC BAL 

VR110-CH B GAIN ADJ. 

VR111-CH B HORIZONTAL GAIN ADJ. 

VR112-CH B DISPLAY CENTER ADJ. 

VR113-CH A DC TRIGGERING LEVEL ADJ. 
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16403 O O vr405 
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FOIL SIDE VIEW 


Fig. 41. Calibration locations, vertical output amplifier board. 


TC1—HIGH SPEED SWEEP (1 4 SEC - 50 » SEC) 
TIMING ADJ. 


TC2 — HIGH SPEED SWEEP (0.5 » SEC) TIMING ADJ. 
TC3 — SWEEP LINEARITY (1 » SEC - 50 » SEC) ADJ. 
TC4 — SWEEP LINEARITY (0.5 x SEC) ADJ. 

VR1 — CAL. (0.5 V P.P.) VOLTAGE ADJ. 

VR2 —CAL OV TIME ADJ. 


VR3— CAL 0.5V TIME ADJ. 


VR5 — HIGH SPEED SWEEP (0.2 » SEC) TIMING ADJ. 
VR6 — SWEEP LENGTH ADJ. 

VR7 — TRIGGERING SLOPE BALANCE ADJ (1) 
VR9 — FIX LEVEL ADJ. 

VR10 — TRIGGERING SLOPE BALANCE ADJ (1) 
VR11 — -SLOPE LEVEL ADJ. 

VR12 — -- SLOPE LEVEL ADJ. 

VR13 — DC TRIGGERING LEVEL ADJ. 

VR14 — CH B (HORIZONTAL) POSITION ADJ. 
VR15 — TIMING ADJ. 

VR16 — 5X MAG CENTER ADJ. 

VR17 — HORIZONTAL POSITION CENTER ADJ. 
VR18 — 5X MAG GAIN ADJ. 

VR19 — DC COUPLING LEVEL ADJ. 


Fig. 42. Calibration locations, horizontal ampli- 
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fier & sweep board 


TC401—HIGH FREQUENCY RESPONSE ADJ. (1) 
TC402—HIGH FREQUENCY RESPONSE ADJ. (2) 
TC403—MID FREQUENCY RESPONSE ADJ. 
TC404—HIGH FREQUENCY RESPONSE ADJ. 
VR401—VERT GAIN ADJ. 

KR402—CRT CENTER ADJ. 

VR403—HIGH FREQUENCY RESPONSE ADJ. 
VR404—MID FREQUENCY RESPONSE ADJ. 
VR405—HIGH FREQUENCY RESPONSE ADJ. 


vR O O vn3 
O vit 


O vri5 


vR16 O VR17 
VR18 
VR13 O 0 


O Own 


vR19 O 


FOIL SIDE VIEW 


MAINTENANCE AND CALIBRATION 
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O 1c301 
O vn301 
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TC301 — BLANKING PULSE COMPENSATION 
VR301 — PATTERN DISTORTION COMPENSATION 
VR302 — INTENSITY ADJ. 

VR303 — —1.9 kV ADJ. 

VR304 — +107 V ADJ. 


Fig. 43 Calibration locations, power supply board. 
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WARRANTY INFORMATION 


WARRANTY SERVICE INSTRUCTIONS 


l. Refer to the MAINTENANCE section of your B & K-Precision instruction 
manual for adjustments that may be applicable. 


2. If the above-mentioned do not correct the problem you are experiencing with 
your unit, pack it securely (preferably in the original carton or double-packed). 
Enclose a letter describing the problem and include your name and address. 
Deliver to, or ship PREPAID (UPS preferred) to the nearest B & K-Precision 
authorized service agency (see list enclosed with unit). 


If your list of authorized B & K-Precision service agencies has been misplaced, con- 
tact your local distributor for the name of your nearest service agency, or write to: 


Service Department 


B & K-Precision Product Group 
DYNASCAN CORPORATION 
6460 West Cortland Street 
Chicago, Illinois 60635 


LIMITED ONE-YEAR WARRANTY 


DYNASCAN CORPORATON warrants to the original purchaser that its B & K- 
Precision product, and the component parts thereof, will be free from defects in 
workmanship and materials for a period of one year from the date of purchase. 


DYNASCAN will, without charge, repair or replace, at its option, defective 
product or component parts upon delivery to an authorized B & K-PRECISION 
service contractor or the factory service department, accompanied by proof of the 
date of purchase in the form of a sales receipt. 


To obtain warranty coverage, this product must be registered by completing 
and mailing the enclosed warranty registration card to DYNASCAN, B & K- 
Precision, 6460 West Cortland Street, Chicago, Illinois 60635 within fifteen (15) 
days from the date of purchase. 


Exclusions: This warranty does not apply in the event of misuse or abuse of the 
product or as a result of unauthorized alterations or repairs. It is void if the serial 
number is altered, defaced or removed. 


DYNASCAN shall not be liable for any consequential damages, including 
without limitation damages resulting from loss of use. Some states do not allow 
limitation of incidental or consequential damages, so the above limitation or ex- 
clusion may not apply to you. 


This warranty gives you specific rights and you may also have other rights which 
vary from state to state. 


For your convenience we suggest you contact your B & K-Precision distributor, 
who may be authorized to make repairs or can refer you to the nearest service 
contractor. If warranty service cannot be obtained locally, please send the unit to 
B & K-Precision Service Department, 6460 West Cortland Street, Chicago, Illinois 
60635, properly packaged to avoid damage in shipment. 


OPTIONAL ACCESSORIES 


The following B & K-PRECISION accessories are 
available to complement your Model 1479B Oscilloscope. 


MODEL LC-74 PROTECTIVE COVER 


This rugged grained leatherette cover provides con- 
venience and protection when transporting the oscillo- 
scope. A handy pocket provides stowage for probes. 


MODEL LC-133 CARRYING CASE 


Completely encloses oscilloscope for protection during 
transportation. Storage pocket provided for probes. 


MODEL RM-14 RACK MOUNTING KIT 


This kit includes everything needed to mount the 
oscilloscope in a standard 19” rack, including panel, 
hardware, and complete instructions. 


INSTRUMENT CONNECTING CABLES 


The following B & K-PRECISION cables, which 
may be purchased separately, may be useful for con- 
necting your oscilloscope directly to other equipment: 


Model CC-41. 36” RG/58U with a BNC connector 
on each end. 


Model CC-42. 36" RG/58U with BNC connector 
and UHF connector (PL-259). 


Model CC-43. 36" RG/58U with BNC connector 
and banana plugs. 


Model CC-44. 36” RG/58U connector and coaxial 
microphone connector. 


Model CC-45. 36" RG/58U with BNC connector 
and type N connector. 


MODEL PR-32 RF DEMODULATOR PROBE 


This probe permits display and analysis of the modu- 
lation envelope of RF signals to 250 MHz ( -6 dB @ 
250 MHz). Input impedance is 30 kQ minimum, shunted 
by 4.5 pF maximum. Internal shielding protects against 
stray RF pickup. 


© 25206 PRINTED IN JAPAN B50-2934-00 (G) 
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EK meossos SAS CAN 
CORPORATION 


6460 West Cortland Street 
Chicago, Illinois 60635 


480-302-9-001 


